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�$�F�� �$�O�L�J�Q�H�G���&�O�D�V�W�V�����$�F�����F�D�Q���E�H���L�Q�W�H�U�S�U�H�W�H�G���D�V���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���D�Q�G���S�R�V�L�W�L�Y�H��
�H�Y�L�G�H�Q�F�H���R�I���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���Z�K�H�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���R�W�K�H�U���I�D�X�O�W���U�H�O�D�W�H�G��
�I�H�D�W�X�U�H�V���6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q��������

�$�0�6�� �$�F�F�H�O�H�U�D�W�R�U���P�D�V�V���V�S�H�F�W�U�R�P�H�W�U�\��

�%�I�I�� �%�X�U�L�H�G���)�U�H�H���)�D�F�H�����%�I�I�����L�V���D�Q���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���W�K�D�W���L�Q�F�O�X�G�H�V���D���S�D�O�H�R�V�F�D�U�S��
�I�U�H�H���I�D�F�H�����D���V�F�D�U�S���I�R�U�P�H�G���E�\���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J�����W�K�D�W���L�V���E�X�U�L�H�G���E�\���S�R�V�W���H�Y�H�Q�W��
�F�R�O�O�X�Y�L�X�P�����L���H�������D���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H�������6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U��
�G�H�I�L�Q�L�W�L�R�Q����

�%�R�G�\�� �,�Q���6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G���$�G�Y�L�V�R�U�\���&�R�P�P�L�W�W�H�H�����6�6�+�$�&�����W�H�U�P�L�Q�R�O�R�J�\�����W�K�H��
�E�R�G�\���R�I���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���L�Q�F�O�X�G�H�V���G�L�U�H�F�W���H�Y�L�G�H�Q�F�H��
���H�[�L�V�W�L�Q�J���G�D�W�D���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q�����D�Q�G���L�Q�G�L�U�H�F�W���H�Y�L�G�H�Q�F�H�����H���J�����Q�X�P�H�U�L�F�D�O��
�P�R�G�H�O�V�����V�L�P�X�O�D�W�L�R�Q�V�����I�R�U���D�O�W�H�U�Q�D�W�L�Y�H���K�\�S�R�W�K�H�V�H�V���D�W���W�K�H���X�S�S�H�U���D�Q�G���O�R�Z�H�U��
�Y�D�O�X�H�V���R�I���W�K�H���F�H�Q�W�H�U����

�&�%�5�� �F�H�Q�W�H�U�����E�R�G�\�����D�Q�G���U�D�Q�J�H�����3�K�U�D�V�H���D�G�R�S�W�H�G���I�U�R�P���W�K�H���6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G��
�$�G�Y�L�V�R�U�\���&�R�P�P�L�W�W�H�H�����6�6�+�$�&�����W�K�U�R�X�J�K���1�8�5�(�*���&�5������������  �$�V�V�R�F�L�D�W�H�G��
�Z�L�W�K���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���I�D�X�O�W���E�H�K�D�Y�L�R�U���D�Q�G��
�S�D�O�H�R�V�H�L�V�P�L�F���K�L�V�W�R�U�\�����(�D�F�K���W�H�U�P���L�V���G�H�V�F�U�L�E�H�G���V�H�S�D�U�D�W�H�O�\���L�Q���W�K�L�V���J�O�R�V�V�D�U�\����

�&�H�Q�W�H�U�� �,�Q���6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G���$�G�Y�L�V�R�U�\���&�R�P�P�L�W�W�H�H�����6�6�+�$�&�����W�H�U�P�L�Q�R�O�R�J�\�����W�K�H��
�F�H�Q�W�H�U���R�I���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���L�Q�F�O�X�G�H�V���G�L�U�H�F�W���H�Y�L�G�H�Q�F�H��
���H�[�L�V�W�L�Q�J���G�D�W�D���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q�����I�R�U���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�� 

�&�Z�� �� �&�R�O�O�X�Y�L�D�O�� �Z�H�G�J�H�� ���&�:���� �H�Y�H�Q�W�� �L�Q�G�L�F�D�W�R�U�� �L�V�� �D�� �Z�H�G�J�H���V�K�D�S�H�G�� �F�R�O�O�X�Y�L�D�O�� �X�Q�L�W��
�G�H�S�R�V�L�W�H�G���D�J�D�L�Q�V�W���R�U���D�E�R�Y�H���I�D�X�O�W���R�U���I�U�H�H���I�D�F�H���R�I���D���G�H�J�U�D�G�H�G���I�D�X�O�W���V�F�D�U�S�����6�H�H��
�6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q������

�&�V�Q�I�� ���&�R�D�U�V�H���V�W�U�D�W�L�J�U�D�S�K�\���Q�H�D�U���I�D�X�O�W�����&�V�Q�I�����L�V���D�Q���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���W�K�D�W���L�V���L�Q�W�H�Q�G�H�G��
�W�R���G�H�V�F�U�L�E�H���W�K�H���Q�D�W�X�U�H���R�I���W�K�H���L�Q�W�H�U�S�U�H�W�H�G���F�R�O�O�X�Y�L�D�O���G�H�S�R�V�L�W�V���D�W���W�K�H���I�D�X�O�W��
�]�R�Q�H���D�Q�G���K�R�Z���W�K�H�\���W�D�S�H�U���D�Z�D�\���I�U�R�P���W�K�H���I�D�X�O�W���]�R�Q�H�����6�H�H���6�H�F�W�L�R�Q���������������D�Q�G��
�7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q��

�'�(�0�� �'�L�J�L�W�D�O���H�O�H�Y�D�W�L�R�Q���P�R�G�H�O��

�'�1�)�6�%�� �'�H�I�H�Q�V�H���1�X�F�O�H�D�U���)�D�F�L�O�L�W�L�H�V���6�D�I�H�W�\���%�R�D�U�G��

�'�2�(�� �'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�H�U�J�\��

�(�(�5�7�� �(�[�W�H�U�Q�D�O���H�[�S�H�U�W���U�H�Y�L�H�Z���W�H�D�P��

�(�(�6�� �/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O���/�D�E�R�U�D�W�R�U�\�¶�V���(�D�U�W�K���D�Q�G���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���6�F�L�H�Q�F�H�V��
�'�L�Y�L�V�L�R�Q��

�(�) �� �(�P�E�X�G�R���I�D�X�O�W��
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��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� �[�Y�� �6�H�S�W�H�P�E�H�U��������������������

�(�)�6�� Embudo fault system �����D�Q���D�J�J�U�H�J�D�W�H���J�U�R�X�S���R�I���I�D�X�O�W�V���O�R�F�D�W�H�G���Q�R�U�W�K���D�Q�G��
�H�D�V�W���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P�����V�H�H���E�H�O�R�Z���������,�Q�F�O�X�G�H�V���W�K�H���O�H�I�W���O�D�W�H�U�D�O��
�(�P�E�X�G�R���I�D�X�O�W���D�Q�G���6�D�Q�W�D���&�O�D�U�D���I�D�X�O�W����

�)�L�V�� �� �)�L�V�V�X�U�H���)�L�O�O�V�����)�L�V�����H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���D�U�H���G�H�I�L�Q�H�G���D�V���D�Q�\���I�H�D�W�X�U�H���W�K�D�W���Y�H�U�W�L�F�D�O�O�\��
�R�I�I�V�H�W�V�� �R�U�� �K�R�U�L�]�R�Q�W�D�O�O�\�� �V�H�S�D�U�D�W�H�V�� �O�D�\�H�U�V�� �D�Q�G�� �F�R�Q�W�D�L�Q�V�� �R�X�W�� �R�I�� �V�H�T�X�H�Q�F�H��
�G�H�S�R�V�L�W�V�����6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

�*�0�)�� Guaje Mountain fault �����D�Q���D�Q�W�L�W�K�H�W�L�F�����G�R�Z�Q���W�R���W�K�H���Z�H�V�W�����V�X�E�V�L�G�L�D�U�\���I�D�X�O�W��
�V�W�U�X�F�W�X�U�H���Z�L�W�K�L�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���O�R�F�D�W�H�G���H�D�V�W���R�I���W�K�H���5�H�Q�G�L�M�D��
�&�D�Q�\�R�Q���I�D�X�O�W���D�Q�G���Z�H�V�W���R�I���W�K�H���6�D�Z�\�H�U���&�D�Q�\�R�Q���I�D�X�O�W��

�+�R�O�R�F�H�Q�H�� �$���S�H�U�L�R�G���R�I���J�H�R�O�R�J�L�F���W�L�P�H���I�U�R�P�����������������\�H�D�U�V���D�J�R���W�R���W�K�H���S�U�H�V�H�Q�W���G�D�\��

�,�&�3���0�6�� �,�Q�G�X�F�W�L�Y�H�O�\���F�R�X�S�O�H�G���S�O�D�V�P�D���P�D�V�V���V�S�H�F�W�U�R�P�H�W�U�\��

�/�$�1�/�� �/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O���/�D�E�R�U�D�W�R�U�\��

�/�&�,�� �/�H�W�W�L�V���&�R�Q�V�X�O�W�D�Q�W�V���,�Q�W�H�U�Q�D�W�L�R�Q�D�O�����,�Q�F����

�/�L�'�$�5�� �O�L�J�K�W���G�H�W�H�F�W�L�R�Q���D�Q�G���U�D�Q�J�L�Q�J��

�N�D�� �N�L�O�R���D�Q�Q�X�P�����W�K�R�X�V�D�Q�G���\�H�D�U�V���D�J�R��

�0�D�� �0�H�J�D���D�Q�Q�X�P�����P�L�O�O�L�R�Q���\�H�D�U�V���D�J�R��

�0�5�(�� �0�R�V�W���U�H�F�H�Q�W���H�Y�H�Q�W��

�1�H�R�J�H�Q�H�� �$���S�H�U�L�R�G���R�I���J�H�R�O�R�J�L�F���W�L�P�H���V�S�D�Q�Q�L�Q�J���I�U�R�P���������������P�L�O�O�L�R�Q���\�H�D�U�V���D�J�R�����H�Q�G��
�3�D�O�H�R�J�H�Q�H�����W�R�������������P�L�O�O�L�R�Q���\�H�D�U�V���D�J�R�����V�W�D�U�W���4�X�D�W�H�U�Q�D�U�\����

�1�0�%�*�0�5�� �1�H�Z���0�H�[�L�F�R���%�X�U�H�D�X���R�I���*�H�R�O�R�J�\���D�Q�G���0�L�Q�H�U�D�O���5�H�V�R�X�U�F�H�V��

�1�0�+�8�� �1�H�Z���0�H�[�L�F�R���+�L�J�K�O�D�Q�G�V���8�Q�L�Y�H�U�V�L�W�\��

�1�0�7�� �1�H�Z���0�H�[�L�F�R���7�H�F�K��

�2�6�+�$�� �2�F�F�X�S�D�W�L�R�Q�D�O���6�D�I�H�W�\���D�Q�G���+�H�D�O�W�K���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q��

�2�6�/�� �2�S�W�L�F�D�O�O�\���V�W�L�P�X�O�D�W�H�G���O�X�P�L�Q�H�V�F�H�Q�F�H����

�3�'�,�� �3�U�R�I�L�O�H���G�H�Y�H�O�R�S�P�H�Q�W���L�Q�G�H�[��

�3�(�� �3�H�Q�X�O�W�L�P�D�W�H���H�Y�H�Q�W��

�3�)�� Pajarito fault �����'�R�Z�Q���W�R���W�K�H���H�D�V�W���Q�R�U�P�D�O���I�D�X�O�W���Z�H�V�W���R�I���W�K�H���/�R�V���$�O�D�P�R�V��
�W�R�Z�Q�V�L�W�H���D�Q�G���/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O���/�D�E�R�U�D�W�R�U�\�����S�U�H�V�H�Q�W���D�W���W�K�H���J�U�R�X�Q�G��
�V�X�U�I�D�F�H���I�U�R�P���&�R�F�K�L�W�L���&�D�Q�\�R�Q���L�Q���W�K�H���V�R�X�W�K���W�R���5�H�Q�G�L�M�D���&�D�Q�\�R�Q���L�Q���W�K�H���Q�R�U�W�K����
�)�R�U�P�V���D���]�R�Q�H���R�I���V�X�U�I�D�F�H���U�X�S�W�X�U�H���W�K�D�W���L�V���Q�D�U�U�R�Z���W�R�Z�D�U�G�V���W�K�H���F�H�Q�W�H�U���R�I���L�W�V��
�D�O�R�Q�J���V�W�U�L�N�H���W�U�D�F�H�����D�Q�G���Z�K�L�F�K���Z�L�G�H�Q�V���W�R�Z�D�U�G�V���W�K�H���I�D�X�O�W���W�L�S�V�������6�\�Q�R�Q�\�P�R�X�V��
�Z�L�W�K���W�K�H���³�P�D�L�Q���3�D�M�D�U�L�W�R���I�D�X�O�W�´���R�I���/�H�Z�L�V���H�W���D�O��������������������

�3�)�6�� Pajarito fault system �����$�Q���D�J�J�U�H�J�D�W�H���J�U�R�X�S���R�I���P�X�O�W�L�S�O�H���I�D�X�O�W�V�����L�Q�F�O�X�G�L�Q�J��
�W�K�H���G�R�Z�Q���W�R���W�K�H���H�D�V�W���3�D�M�D�U�L�W�R���I�D�X�O�W�����W�K�H���G�R�Z�Q���W�R���W�K�H���Z�H�V�W���5�H�Q�G�L�M�D���&�D�Q�\�R�Q��
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� �[�Y�L�� �6�H�S�W�H�P�E�H�U��������������������

�I�D�X�O�W�����5�&�)�������*�X�D�M�H���0�R�X�Q�W�D�L�Q���I�D�X�O�W�����*�0�)�������6�D�Z�\�H�U���&�D�Q�\�R�Q���I�D�X�O�W�����6�&�)������
�D�Q�G���6�D�Q�W�D���&�O�D�U�D���&�D�Q�\�R�Q���I�D�X�O�W�����6�&�&�)�������:�R�Q�J���H�W���D�O�������������������/�H�Z�L�V���H�W���D�O������
���������������W�K�R�X�J�K�W���W�R���E�H���V�W�U�X�F�W�X�U�D�O�O�\���F�R�Q�Q�H�F�W�H�G���D�W���G�H�S�W�K�����6�W�X�G�L�H�V���S�U�L�R�U���W�R������������
�U�H�I�H�U���W�R���W�K�H���3�)�6���D�V���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���]�R�Q�H�����W�K�L�V���W�H�U�P���L�V���Q�R���O�R�Q�J�H�U���X�V�H�G���I�R�U��
�W�K�L�V���V�\�V�W�H�P����

�3�)�6���3�7�6�3�� �����������3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���S�D�O�H�R�V�H�L�V�P�L�F���W�U�H�Q�F�K���V�L�W�L�Q�J���S�U�R�M�H�F�W��

�3�O�H�L�V�W�R�F�H�Q�H�� �7�K�H���I�L�U�V�W���H�S�R�F�K���R�I���W�K�H���4�X�D�W�H�U�Q�D�U�\�����V�S�D�Q�Q�L�Q�J���I�U�R�P�������������P�L�O�O�L�R�Q���\�H�D�U�V���D�J�R���W�R��
���������������\�H�D�U�V���D�J�R�����V�W�D�U�W���+�R�O�R�F�H�Q�H����

�3�6�+�$�� �3�U�R�E�D�E�L�O�L�V�W�L�F���6�H�L�V�P�L�F���+�D�]�D�U�G���$�Q�D�O�\�V�L�V��

�4�E�R�� �2�W�R�Z�L���0�H�P�E�H�U���R�I���W�K�H���%�D�Q�G�H�O�L�H�U���7�X�I�I�����4�X�D�W�H�U�Q�D�U�\���D�J�H�G���������������0�D�����D�J�H���I�U�R�P��
�,�]�H�W�W���D�Q�G���2�E�U�D�G�R�Y�L�F�K����������������

�4�E�W�� �7�V�K�L�U�H�J�H���0�H�P�E�H�U���R�I���W�K�H���%�D�Q�G�H�O�L�H�U���7�X�I�I�����4�X�D�W�H�U�Q�D�U�\���D�J�H�G�����������������0�D�����D�J�H��
�I�U�R�P���3�K�L�O�O�L�S�V���H�W���D�O�����������������������,�Q�F�O�X�G�H�V���D���Q�X�P�E�H�U���R�I���G�L�V�F�U�H�W�H���V�X�E�X�Q�L�W�V��
�G�H�O�L�Q�H�D�W�H�G���E�\���%�U�R�[�W�R�Q���D�Q�G���5�H�Q�H�D�X�����������������W�K�D�W���S�U�R�Y�L�G�H���L�P�S�R�U�W�D�Q�W��
�V�W�U�D�W�L�J�U�D�S�K�L�F���P�D�U�N�H�U�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���3�O�D�W�H�D�X���W�R���L�G�H�Q�W�L�I�\���W�K�H���S�U�H�V�H�Q�F�H���R�U��
�D�E�V�H�Q�F�H���R�I���I�D�X�O�W�V���U�H�O�D�W�H�G���W�R���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P��

�4�H�F�� �(�O���&�D�M�H�W�H���S�X�P�L�F�H�����W�K�H���P�R�V�W���U�H�F�H�Q�W���H�U�X�S�W�L�Y�H���X�Q�L�W���V�R�X�U�F�H�G���I�U�R�P���W�K�H���9�D�O�O�H�V��
�7�R�O�H�G�R���F�D�O�G�H�U�D���F�R�P�S�O�H�[���Z�H�V�W���R�I���/�R�V���$�O�D�P�R�V���D�Q�G���/�$�1�/�����Y�D�U�L�D�E�O�\��
�S�U�H�V�H�U�Y�H�G�����G�D�W�H�G���D�W���a�����N�D��

�4�X�D�W�H�U�Q�D�U�\�� �$���S�H�U�L�R�G���R�I���J�H�R�O�R�J�L�F���W�L�P�H���I�U�R�P�������������P�L�O�O�L�R�Q���\�H�D�U�V���D�J�R�����H�Q�G���1�H�R�J�H�Q�H�����W�R��
�W�K�H���S�U�H�V�H�Q�W���G�D�\��

�5�D�Q�J�H�� �,�Q���6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G���$�G�Y�L�V�R�U�\���&�R�P�P�L�W�W�H�H�����6�6�+�$�&�����W�H�U�P�L�Q�R�O�R�J�\�����W�K�H��
�U�D�Q�J�H���R�I���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���L�Q�F�O�X�G�H�V���G�L�U�H�F�W���H�Y�L�G�H�Q�F�H��
���H�[�L�V�W�L�Q�J���G�D�W�D���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q�������L�Q�G�L�U�H�F�W���H�Y�L�G�H�Q�F�H�����H���J�����Q�X�P�H�U�L�F�D�O���P�R�G�H�O�V����
�V�L�P�X�O�D�W�L�R�Q�V�������D�Q�G���D�V���\�H�W���X�Q�V�H�H�Q���H�Y�L�G�H�Q�F�H�����X�Q�R�E�V�H�U�Y�H�G�����E�X�W���S�K�\�V�L�F�D�O�O�\��
�S�O�D�X�V�L�E�O�H�����I�R�U���W�K�H���O�L�P�L�W�V���R�I���G�H�I�H�Q�V�L�E�O�H���K�\�S�R�W�K�H�V�H�V���R�Q���W�K�H���X�S�S�H�U���D�Q�G���O�R�Z�H�U��
�E�R�X�Q�G�V���R�I���W�K�H���F�H�Q�W�H�U����

�5�&�)�� Rendija Canyon fault �����D�Q���D�Q�W�L�W�K�H�W�L�F�����G�R�Z�Q���W�R���W�K�H���Z�H�V�W�����V�X�E�V�L�G�L�D�U�\���I�D�X�O�W��
�V�W�U�X�F�W�X�U�H���Z�L�W�K�L�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P�����O�R�F�D�W�H�G���Z�H�V�W���R�I���W�K�H���*�X�D�M�H��
�0�R�X�Q�W�D�L�Q���I�D�X�O�W��

�5�*�5�� �5�L�R���*�U�D�Q�G�H���U�L�I�W��

�6�&�)�� Sawyer Canyon fault �����D�Q���D�Q�W�L�W�K�H�W�L�F�����G�R�Z�Q���W�R���W�K�H���Z�H�V�W�����V�X�E�V�L�G�L�D�U�\���I�D�X�O�W��
�V�W�U�X�F�W�X�U�H���Z�L�W�K�L�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���D�Q�G���W�K�H���P�R�V�W���H�D�V�W�H�U�O�\���V�H�J�P�H�Q�W��
�R�I���W�K�H���I�D�X�O�W���V�\�V�W�H�P��

�6�&�&�)�� Santa Clara Canyon fault �����D���G�R�Z�Q���W�R���W�K�H���H�D�V�W���H�O�H�P�H�Q�W���R�I���W�K�H���(�P�E�X�G�R��
�I�D�X�O�W���V�\�V�W�H�P��

�6�'�6�8�� �6�D�Q���'�L�H�J�R���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\��
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� �[�Y�L�L�� �6�H�S�W�H�P�E�H�U��������������������

�6�I�� �� �6�K�H�D�U���)�D�E�U�L�F�����6�I�����H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���L�V���D���I�D�X�O�W���]�R�Q�H���I�D�E�U�L�F���G�H�Y�H�O�R�S�H�G���L�Q���I�D�X�O�W�H�G��
�G�H�S�R�V�L�W�V���W�K�D�W���P�D�\���L�Q�F�O�X�G�H���L�P�E�U�L�F�D�W�H�G���R�U���D�O�L�J�Q�H�G���F�O�D�V�W�V���R�U���I�R�O�L�D�W�H�G���V�H�D�P�V���R�I��
�I�L�Q�H���J�U�D�L�Q�H�G�� �P�D�W�H�U�L�D�O���� �D�Q�G�� �L�V�� �D�� �S�R�V�L�W�L�Y�H�� �L�Q�G�L�F�D�W�R�U�� �R�I�� �Q�H�D�U�� �V�X�U�I�D�F�H�� �I�D�X�O�W�L�Q�J����
�6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

�6�6�+�$�&�� �6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G���$�Q�D�O�\�V�L�V���&�R�P�P�L�W�W�H�H�����I�U�R�P���8�6���1�X�F�O�H�D�U���5�H�J�X�O�D�W�R�U�\��
�&�R�P�P�L�V�V�L�R�Q�����1�8�5�(�*���&�5��������������

�7�K�� �7�K�L�F�N�H�Q�L�Q�J�����7�K�����R�I���D���J�H�R�O�R�J�L�F���R�U���V�R�L�O���X�Q�L�W���D�F�U�R�V�V���D���V�X�V�S�H�F�W�H�G���I�D�X�O�W���F�D�Q���E�H��
�L�Q�W�H�U�S�U�H�W�H�G���D�V���D�Q���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���D�Q�G���S�R�V�L�W�L�Y�H���H�Y�L�G�H�Q�F�H���R�I���V�X�U�I�D�F�H��
�G�H�I�R�U�P�D�W�L�R�Q���Z�K�H�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���R�W�K�H�U���I�D�X�O�W���U�H�O�D�W�H�G���I�H�D�W�X�U�H�V���6�H�H���6�H�F�W�L�R�Q��
�������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

�7�/�� �7�K�H�U�P�R�O�X�P�L�Q�H�V�F�H�Q�F�H���G�D�W�L�Q�J��

�7�6�0�(�� �7�H�F�K�Q�L�F�D�O���V�X�E�M�H�F�W���P�D�W�W�H�U���H�[�S�H�U�W���V����

�7�Z�� �� �7�L�O�W�L�Q�J�� �R�U�� �Z�D�U�S�L�Q�J�� ���7�Z���� �R�I�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �X�Q�L�W�V�� �R�U�� �V�R�L�O�� �K�R�U�L�]�R�Q�V�� �F�D�Q�� �E�H��
�L�Q�W�H�U�S�U�H�W�H�G�� �D�V�� �D�Q�� �H�Y�H�Q�W�� �L�Q�G�L�F�D�W�R�U�� �D�Q�G�� �S�R�V�L�W�L�Y�H�� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �V�X�U�I�D�F�H��
�G�H�I�R�U�P�D�W�L�R�Q�����6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

�8�6�&�6�� �8�Q�L�I�L�H�G���6�R�L�O���&�O�D�V�V�L�I�L�F�D�W�L�R�Q���6�\�V�W�H�P��

�8�W�D�� �� �(�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���G�H�V�F�U�L�E�L�Q�J���W�K�H���X�S�Z�D�U�G���W�H�U�P�L�Q�D�W�L�R�Q���R�I���D���I�D�X�O�W���Z�L�W�K�L�Q���D���G�H�S�R�V�L�W��
���8�W�D�������6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q������

�8�W�E�� �� �(�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���G�H�V�F�U�L�E�L�Q�J���W�K�H���X�S�Z�D�U�G���W�H�U�P�L�Q�D�W�L�R�Q���D�W���W�K�H���O�R�Z�H�U���E�R�X�Q�G�D�U�\���R�I��
�D���G�H�S�R�V�L�W�� ���8�W�E���� �H�Y�H�Q�W�� �L�Q�G�L�F�D�W�R�U���� �6�H�H�� �6�H�F�W�L�R�Q�� ������������ �D�Q�G�� �7�D�E�O�H�� �������� �I�R�U��
�G�H�I�L�Q�L�W�L�R�Q������

�9�R�� �� �9�H�U�W�L�F�D�O���2�I�I�V�H�W�����9�R�����H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���L�V���D�Q���R�I�I�V�H�W���R�I���W�K�H���E�D�V�H���R�I���D���E�X�U�L�H�G���V�R�L�O��
�R�U�� �E�D�V�H���E�D�F�N�� �H�G�J�H�� �R�I�� �D�� �F�R�O�O�X�Y�L�D�O�� �X�Q�L�W���� �Z�K�L�F�K�� �L�V�� �S�R�V�L�W�L�Y�H�� �H�Y�L�G�H�Q�F�H�� �I�R�U��
�S�D�O�H�R�V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J�����6�H�H���6�H�F�W�L�R�Q���������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

�9�R�G�� �� �9�H�U�W�L�F�D�O�� �R�I�I�V�H�W�� �Z�L�W�K�� �G�H�F�U�H�D�V�L�Q�J�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �X�S�� �V�H�F�W�L�R�Q�� ���9�R�G���� �H�Y�H�Q�W��
�L�Q�G�L�F�D�W�R�U���L�V���S�R�V�L�W�L�Y�H���H�Y�L�G�H�Q�F�H���I�R�U���U�H�S�H�D�W�H�G���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���Z�K�H�Q���D���F�R�O�O�X�Y�L�D�O��
�Z�H�G�J�H���R�U���H�D�V�L�O�\���L�G�H�Q�W�L�I�L�D�E�O�H���H�Y�H�Q�W���K�R�U�L�]�R�Q���L�V���Q�R�W���L�G�H�Q�W�L�I�L�D�E�O�H���� �6�H�H���6�H�F�W�L�R�Q��
�������������D�Q�G���7�D�E�O�H�����������I�R�U���G�H�I�L�Q�L�W�L�R�Q����

������

��

��

��������



��
��

��
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EXECUT IVE SUMMARY  

�7�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P�� ���3�)�6���� �L�V�� �D�� �O�D�W�H�� �4�X�D�W�H�U�Q�D�U�\���� �������N�P���O�R�Q�J���I�D�X�O�W���V�\�V�W�H�P�� �W�K�D�W���E�R�X�Q�G�V�� �W�K�H��
�Z�H�V�W�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H���5�L�R���*�U�D�Q�G�H�� �U�L�I�W���D�Q�G���F�U�R�V�V�H�V���W�K�H���Z�H�V�W�H�U�Q���P�D�U�J�L�Q���R�I���/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O��
�/�D�E�R�U�D�W�R�U�\�� ���/�$�1�/���� �L�Q�� �/�R�V�� �$�O�D�P�R�V���� �1�0���� �� �$�V�� �F�X�U�U�H�Q�W�O�\�� �L�Q�W�H�U�S�U�H�W�H�G���� �W�K�H�� �3�)�6�� �L�V�� �W�K�H�� �O�D�U�J�H�V�W��
�F�R�Q�W�U�L�E�X�W�L�Q�J�� �V�H�L�V�P�L�F�� �V�R�X�U�F�H�� �W�R�� �J�U�R�X�Q�G�� �P�R�W�L�R�Q�� �K�D�]�D�U�G�� �D�W�� �/�$�1�/�� ���:�R�Q�J�� �H�W�� �D�O������ �������������� �7�K�X�V����
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �W�K�H�� �I�D�X�O�W�� �V�\�V�W�H�P�¶�V�� �S�D�O�H�R�V�H�L�V�P�L�F�� �K�L�V�W�R�U�\�� �L�V�� �L�P�S�R�U�W�D�Q�W�� �I�R�U�� �F�K�D�U�D�F�W�H�U�L�]�L�Q�J�� �V�H�L�V�P�L�F��
�K�D�]�D�U�G�� �D�W�� �/�$�1�/���� �7�K�H�� �3�)�6�� �F�R�Q�V�L�V�W�V�� �R�I�� �V�H�Y�H�U�D�O�� �G�L�V�W�L�Q�F�W�� �I�D�X�O�W�� �V�H�F�W�L�R�Q�V���� �I�U�R�P�� �V�R�X�W�K�� �W�R�� �Q�R�U�W�K���� �W�K�H��
�3�D�M�D�U�L�W�R�� �I�D�X�O�W�� ���3�)������ �*�X�D�M�H�� �0�R�X�Q�W�D�L�Q�� �I�D�X�O�W�� ���*�0�)������ �5�H�Q�G�L�M�D�� �&�D�Q�\�R�Q�� �I�D�X�O�W�� ���5�&�)���� �D�Q�G�� �6�D�Q�W�D�� �&�O�D�U�D��
�&�D�Q�\�R�Q���I�D�X�O�W�����6�&�&�)�������:�R�Q�J���H�W���D�O����������������������

�����������,�Q�� �W�K�H�� ���������� �V�H�L�V�P�L�F�� �V�R�X�U�F�H�� �P�R�G�H�O�� �I�R�U�� �W�K�H�� �/�$�1�/�� �3�6�+�$�� ���:�R�Q�J�� �H�W�� �D�O������ �������������� �W�K�H�� �3�)�6�� �L�V��
�L�Q�W�H�U�S�U�H�W�H�G�� �W�R���E�H�� �D�� �V�L�Q�J�O�H�� �V�H�J�P�H�Q�W�H�G�� �U�X�S�W�X�U�H�� �V�R�X�U�F�H�������$�Q�� �H�D�U�W�K�T�X�D�N�H�� �U�H�F�X�U�U�H�Q�F�H�� �P�R�G�H�O���I�R�U�� �W�K�H��
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�H�Y�D�O�X�D�W�H�� �I�D�X�O�W�� �V�O�L�S�� �U�D�W�H�� �D�Q�G�� �U�H�Y�H�U�V�D�O�� �R�I�� �V�O�L�S�� �S�R�O�D�U�L�W�\�� �R�Q�� �W�K�H�� �3�)�6���� �������� �I�X�U�W�K�H�U�� �S�D�O�H�R�V�H�L�V�P�L�F��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�Q���W�K�H���*�0�)���W�R���U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���D�J�H���R�I���W�K�H���³�P�L�G�G�O�H���+�R�O�R�F�H�Q�H�´���H�Y�H�Q�W�����D�Q�G���R�Q��
�W�K�H���5�&�)���W�R���U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���D�J�H���R�I���W�K�H���³�H�D�U�O�\���+�R�O�R�F�H�Q�H�´���H�Y�H�Q�W�����D�Q�G�����������G�H�W�D�L�O�H�G���P�D�S�S�L�Q�J��
�D�Q�G���S�D�O�H�R�V�H�L�V�P�L�F���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���W�K�H���6�&�&�)�����Z�K�L�F�K���W�R���G�D�W�H���K�D�V���Q�R�W���E�H�H�Q���L�Q�Y�H�V�W�L�J�D�W�H�G����
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NON-T ECHNICAL EXECUT IVE SUMMARY  

�)�R�O�O�R�Z�L�Q�J���\�H�D�U�V���R�I���S�U�H�S�D�U�D�W�L�R�Q�����/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O���/�D�E�R�U�D�W�R�U�\�����/�$�1�/�����D�Q�G���/�H�W�W�L�V���&�R�Q�V�X�O�W�D�Q�W�V��
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���� �,�Q�F���� ���/�&�,���� �H�[�H�F�X�W�H�G�� �J�H�R�O�R�J�L�F�� �I�L�H�O�G�� �Z�R�U�N�� �I�U�R�P�� �������������������� �L�Q�� �D�Q�� �H�I�I�R�U�W�� �W�R�� �L�P�S�U�R�Y�H��
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���D�Q�G���U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�L�H�V���L�Q���W�K�H���K�L�V�W�R�U�\���R�I���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P��
�X�V�L�Q�J�� �P�R�G�H�U�Q�� �V�F�L�H�Q�W�L�I�L�F�� �W�H�F�K�Q�L�T�X�H�V���� �5�H�G�X�F�L�Q�J�� �X�Q�F�H�U�W�D�L�Q�W�L�H�V�� �L�Q�� �W�K�H�� �W�L�P�L�Q�J���� �I�U�H�T�X�H�Q�F�\���� �D�Q�G��
�P�D�J�Q�L�W�X�G�H���R�I���S�D�V�W���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���G�U�L�Y�H�V���V�H�L�V�P�L�F���G�H�V�L�J�Q���E�D�V�L�V���X�V�H�G���W�R��
�G�H�V�L�J�Q���Q�H�Z���I�D�F�L�O�L�W�L�H�V���D�Q�G���D�V�V�H�V�V���S�H�U�I�R�U�P�D�Q�F�H���R�I���H�[�L�V�W�L�Q�J���V�W�U�X�F�W�X�U�H�V�����V�\�V�W�H�P�V�����D�Q�G���F�R�P�S�R�Q�H�Q�W�V���D�W��
�/�$�1�/���� �*�H�R�O�R�J�L�F�� �V�W�X�G�L�H�V�� �S�H�U�I�R�U�P�H�G�� �S�U�L�R�U�� �W�R�� ���������� �V�X�J�J�H�V�W�� �W�K�D�W�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �V�\�V�W�H�P�� �K�D�V��
�H�[�S�H�U�L�H�Q�F�H�G���D�W���O�H�D�V�W���R�Q�H�����D�Q�G���S�H�U�K�D�S�V���D�V���P�D�Q�\���D�V���W�K�U�H�H���S�D�O�H�R�V�H�L�V�P�L�F���H�Y�H�Q�W�V���R�I���P�D�J�Q�L�W�X�G�H���a�����L�Q��
�W�K�H���+�R�O�R�F�H�Q�H���H�S�R�F�K�����W�K�H���O�D�V�W�����������������\�H�D�U�V�������/�$�1�/�¶�V�������������X�S�G�D�W�H�G���S�U�R�E�D�E�L�O�L�V�W�L�F���V�H�L�V�P�L�F���K�D�]�D�U�G��
�D�Q�D�O�\�V�L�V�� �K�H�D�Y�L�O�\�� �I�D�Y�R�U�H�G�� �W�K�H�� �W�K�U�H�H�� �H�Y�H�Q�W�� �S�D�O�H�R�H�D�U�W�K�T�X�D�N�H�� �P�R�G�H�O���� �G�H�V�S�L�W�H�� �K�D�Y�L�Q�J�� �Q�R�� �V�L�Q�J�O�H��
�V�X�E�V�X�U�I�D�F�H���W�U�H�Q�F�K�L�Q�J���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���\�L�H�O�G���H�Y�L�G�H�Q�F�H���I�R�U���P�X�O�W�L�S�O�H���H�D�U�W�K�T�X�D�N�H�V���L�Q���W�K�H���+�R�O�R�F�H�Q�H������

�,�Q���W�K�L�V���Q�H�Z���V�W�X�G�\�����W�K�H���I�L�U�V�W���S�D�O�H�R�V�H�L�V�P�L�F���I�L�H�O�G���V�L�W�H�V���Z�H�U�H���F�D�U�H�I�X�O�O�\���V�H�O�H�F�W�H�G���X�V�L�Q�J���H�[�S�H�U�W���J�H�R�O�R�J�L�F��
�D�Q�D�O�\�V�H�V���W�R���P�D�[�L�P�L�]�H���D�F�F�H�V�V���W�R���\�R�X�Q�J���J�H�R�O�R�J�L�F���P�D�W�H�U�L�D�O�V���W�K�D�W���F�R�X�O�G���S�U�H�V�H�U�Y�H���H�Y�L�G�H�Q�F�H���R�I���S�D�V�W��
�H�D�U�W�K�T�X�D�N�H�� �D�F�W�L�Y�L�W�\�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �V�\�V�W�H�P���� �6�L�Q�F�H�� �W�K�H�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �R�I�� �X�V�H�I�X�O�� �J�H�R�O�R�J�L�F��
�P�D�W�H�U�L�D�O�V�� �L�V�� �L�V�R�O�D�W�H�G���� �Z�R�U�N�� �F�R�X�O�G�� �R�Q�O�\�� �W�D�N�H�� �S�O�D�F�H�� �L�Q�� �V�S�H�F�L�I�L�F�� �O�R�F�D�W�L�R�Q�V���� �� �7�K�L�V�� �U�H�T�X�L�U�H�G�� �V�H�H�N�L�Q�J��
�D�S�S�U�R�Y�D�O�� �W�R�� �F�R�Q�G�X�F�W�� �W�K�H�V�H�� �S�D�O�H�R�V�H�L�V�P�L�F�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� �R�Q�� �S�U�R�S�H�U�W�\�� �R�Z�Q�H�G�� �E�\�� �R�W�K�H�U�� �I�H�G�H�U�D�O��
�D�J�H�Q�F�L�H�V���� �Z�L�W�K�L�Q�� �F�U�L�W�L�F�D�O�� �K�D�E�L�W�D�W�� �I�R�U�� �W�K�H�� �H�Q�G�D�Q�J�H�U�H�G�� �-�H�P�H�]�� �0�R�X�Q�W�D�L�Q�� �V�D�O�D�P�D�Q�G�H�U�� ���3�O�H�W�K�R�G�R�Q��
�Q�H�R�P�H�[�L�F�D�Q�X�V�������&�D�U�H�I�X�O���F�R�R�U�G�L�Q�D�W�L�R�Q���Z�D�V���S�H�U�I�R�U�P�H�G���E�H�W�Z�H�H�Q���W�K�H���'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�H�U�J�\�����/�$�1�/����
�W�K�H�� �8�6�� �)�R�U�H�V�W�� �6�H�U�Y�L�F�H���� �D�Q�G�� �8�6�� �)�L�V�K�� �D�Q�G���:�L�O�G�O�L�I�H�� �6�H�U�Y�L�F�H���W�R�� �V�H�F�X�U�H�� �O�D�Q�G���X�V�H���I�R�U�� �W�K�L�V�� �L�P�S�R�U�W�D�Q�W��
�V�W�X�G�\������

�7�K�U�H�H���V�X�L�W�D�E�O�H���O�R�F�D�W�L�R�Q�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���D�F�U�R�V�V���P�X�O�W�L�S�O�H���I�D�X�O�W���V�W�U�D�Q�G�V�����6�L�W�H�V���$�����%�����D�Q�G���&���������6�L�W�H�V���%��
�D�Q�G�� �&�� �O�L�H�� �R�Q���I�D�X�O�W���V�H�J�P�H�Q�W�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K���W�K�H���P�D�L�Q���3�D�M�D�U�L�W�R���I�D�X�O�W���� �Z�K�L�O�H���6�L�W�H�� �$�� �F�D�S�W�X�U�H�V���G�D�W�D��
�I�U�R�P���D���V�X�E�V�L�G�L�D�U�\���I�D�X�O�W�����7�K�H�V�H���W�K�U�H�H���V�L�W�H�V���V�S�D�Q���W�K�H���Z�L�G�W�K���R�I���W�K�H���P�D�L�Q���3�D�M�D�U�L�W�R���I�D�X�O�W���D�W���W�K�L�V���O�D�W�L�W�X�G�H������
�$�W�� �H�D�F�K�� �V�L�W�H���� �W�Z�R�� �W�U�H�Q�F�K�H�V�� �Z�H�U�H�� �R�S�H�Q�H�G���� �D�Q�G�� �Q�R�U�W�K�� �D�Q�G�� �V�R�X�W�K�� �Z�D�O�O�V�� �Z�H�U�H�� �G�R�F�X�P�H�Q�W�H�G�� �D�Q�G��
�D�Q�D�O�\�]�H�G���I�R�U���H�D�F�K���W�U�H�Q�F�K������

�3�D�O�H�R�V�H�L�V�P�L�F���D�Q�D�O�\�V�H�V���I�U�R�P���6�L�W�H�V���%���D�Q�G���&���G�R�F�X�P�H�Q�W�����Z�L�W�K���D���K�L�J�K���O�H�Y�H�O���R�I���F�R�Q�I�L�G�H�Q�F�H�����R�Q�H���O�D�W�H��
�+�R�O�R�F�H�Q�H�� �V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J�� �H�D�U�W�K�T�X�D�N�H���� �G�D�W�H�G�� �Z�L�W�K�� �P�R�G�H�U�Q�� �J�H�R�O�R�J�L�F�� �D�J�H���G�D�W�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V�� �D�V��
�\�R�X�Q�J�H�U���W�K�D�Q���a���������N�D�������7�K�H���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���6�L�W�H���$���U�H�V�X�O�W�V���D�O�V�R���V�X�S�S�R�U�W�V���F�R�U�U�H�O�D�W�L�R�Q���R�I���D��
�O�D�W�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�����7�K�H�V�H���U�H�V�X�O�W�V���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���H�D�U�O�L�H�U���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���S�H�U�I�R�U�P�H�G���R�Q��
�W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���E�\���0�F�&�D�O�S�L�Q�����������������������������D�Q�G���G�L�I�I�H�U���I�U�R�P���W�K�H���I�D�Y�R�U�H�G���H�Y�H�Q�W���F�K�U�R�Q�R�O�R�J�\���H�P�S�O�R�\�H�G��
�L�Q���W�K�H�������������/�$�1�/���X�S�G�D�W�H�G���S�U�R�E�D�E�L�O�L�V�W�L�F���V�H�L�V�P�L�F���K�D�]�D�U�G���D�Q�D�O�\�V�L�V�����:�R�Q�J���H�W���D�O��������������������

�7�K�L�V���V�W�X�G�\���D�O�V�R���D�Q�D�O�\�]�H�G���W�K�H���Q�H�Z�O�\���R�E�W�D�L�Q�H�G���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���L�Q���W�K�H���F�R�Q�W�H�[�W���R�I���H�D�U�O�L�H�U���V�W�X�G�L�H�V��
�S�H�U�I�R�U�P�H�G���R�Q���R�W�K�H�U���I�D�X�O�W�V���Z�L�W�K�L�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P�������7�K�H���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�L�V��
�V�W�X�G�\�¶�V���U�H�D�Q�D�O�\�V�L�V���R�I���H�[�L�V�W�L�Q�J���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���F�R�Q�F�O�X�G�H�V���W�K�D�W���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���U�X�S�W�X�U�H�G���G�X�U�L�Q�J��
�W�K�H���O�D�W�H���+�R�O�R�F�H�Q�H�����L���H�������������������N�D�����Z�K�L�O�H���W�K�H���5�H�Q�G�L�M�D���&�D�Q�\�R�Q���D�Q�G���*�X�D�M�H���0�R�X�Q�W�D�L�Q���I�D�X�O�W�V���G�L�G���Q�R�W����
�D�Q�G���F�R�Q�Y�H�U�V�H�O�\�����W�K�H���5�H�Q�G�L�M�D���&�D�Q�\�R�Q���D�Q�G���*�X�D�M�H���0�R�X�Q�W�D�L�Q���I�D�X�O�W�V���U�X�S�W�X�U�H�G���L�Q���W�K�H���P�L�G���+�R�O�R�F�H�Q�H��������
���������N�D�����Z�K�L�O�H���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���G�L�G���Q�R�W�������7�K�L�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���L�P�S�O�L�H�V���D���V�S�H�F�L�I�L�F���V�W�\�O�H���R�I���I�D�X�O�W���U�X�S�W�X�U�H��
�R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���G�X�U�L�Q�J���W�K�H���+�R�O�R�F�H�Q�H���W�K�D�W���G�H�Y�L�D�W�H�V���I�U�R�P���W�K�D�W���S�U�H�I�H�U�U�H�G���E�\���:�R�Q�J���H�W���D�O����
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�����������������D�Q�G���F�R�X�O�G���D�I�I�H�F�W���R�Y�H�U�D�O�O���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���W�K�H���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G���Q�D�W�X�U�H���R�I���H�O�H�P�H�Q�W�V���R�I���W�K�H��
�3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���D�W���G�H�S�W�K����
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1.0 ��INT RODUCT ION  

�$�W���W�K�H���U�H�T�X�H�V�W���R�I���W�K�H���/�R�V���$�O�D�P�R�V���1�D�W�L�R�Q�D�O���/�D�E�R�U�D�W�R�U�\�����/�$�1�/�������D���S�D�O�H�R�V�H�L�V�P�L�F���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���Z�D�V��
�S�H�U�I�R�U�P�H�G���W�R���H�Y�D�O�X�D�W�H���W�K�H���O�D�W�H���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���+�R�O�R�F�H�Q�H���K�L�V�W�R�U�\���R�I���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R��
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�U�H�V�X�O�W�L�Q�J���W�U�H�Q�F�K���O�R�J�V���Z�H�U�H���U�H�Y�L�H�Z�H�G���E�\���W�K�H���S�U�R�M�H�F�W���W�H�D�P�����D�Q�G���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V���I�U�R�P���/�$�1�/���Q�H�D�U���W�K�H��
�I�L�Q�D�O���V�W�D�J�H�V���R�I���H�D�F�K���W�U�H�Q�F�K���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����7�K�H���W�U�H�Q�F�K���I�L�Q�G�L�Q�J�V���D�O�V�R���Z�H�U�H���L�Q�V�S�H�F�W�H�G���E�\���W�K�H���(�(�5�7��
���F�R�Q�V�L�V�W�L�Q�J�� �R�I�� �7�R�Q�\�� �&�U�R�Q�H���� �.�D�W�K�U�\�Q�� �+�D�Q�V�R�Q���� �D�Q�G�� �6�W�H�Y�H�Q�� �5�H�Q�H�D�X������ �$�G�G�L�W�L�R�Q�D�O�� �U�H�Y�L�H�Z�V�� �Z�H�U�H��
�F�R�Q�G�X�F�W�H�G���E�\���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V���R�I���W�K�H���'�H�I�H�Q�V�H���1�X�F�O�H�D�U���)�D�F�L�O�L�W�L�H�V���6�D�I�H�W�\���%�R�D�U�G�����/�$�1�/���'�H�S�D�U�W�P�H�Q�W��
�R�I���(�Q�H�U�J�\���)�L�H�O�G���2�I�I�L�F�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V�����D�Q�G���N�H�\���L�Q�V�W�L�W�X�W�L�R�Q�D�O���V�W�D�N�H�K�R�O�G�H�U�V������

�7�K�H�� �W�U�H�Q�F�K�H�V�� �Z�H�U�H�� �H�[�F�D�Y�D�W�H�G�� �E�\�� �0�D�U�F�R�Q�� �X�Q�G�H�U�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �.�U�L�V�� �/�X�V�W�H�U�� �D�Q�G�� �K�L�V�� �W�H�D�P�� �R�I��
�R�S�H�U�D�W�R�U�V���D�Q�G���I�L�H�O�G���W�H�F�K�Q�L�F�L�D�Q�V�����&�D�V�H�\���/�X�V�W�H�U�����&�K�D�U�O�L�H���/�X�V�W�H�U�����D�Q�G���5�R�G�Q�H�\���3�U�L�F�H�����6�L�W�H���U�H�P�H�G�L�D�W�L�R�Q��
�D�Q�G���U�R�D�G���F�R�Q�V�W�U�X�F�W�L�R�Q���Z�H�U�H���R�Y�H�U�V�H�H�Q���E�\���.�U�L�V���/�X�V�W�H�U���R�I���0�D�U�F�R�Q���Z�L�W�K���V�X�S�S�R�U�W���E�\���P�H�P�E�H�U�V���R�I���/�&�,����

�$�V�V�H�V�V�P�H�Q�W���R�I�� �E�L�R�O�R�J�L�F�D�O�� �D�Q�G�� �F�X�O�W�X�U�D�O�� �U�H�V�R�X�U�F�H�V�� �L�P�S�D�F�W�V���D�W�� �D�O�O�� �W�U�H�Q�F�K�� �V�L�W�H�V�� �Z�H�U�H�� �F�R�P�S�O�H�W�H�G�� �E�\��
�&�K�X�F�N�� �+�D�W�K�F�R�F�N���� �%�U�H�Q�W�� �7�K�R�P�S�V�R�Q���� �0�D�U�M�R�U�L�H�� �:�U�L�J�K�W���� �-�H�V�V�H�� �%�H�U�U�\�K�L�O�O���� �6�D�Q�G�L�� �&�R�S�H�O�D�Q�G���� �&�\�O�H�U��
�1�R�U�P�D�Q�����D�Q�G���+�D�Q�Q�D�K���9�D�Q���9�O�D�F�N���R�I���/�$�1�/�������:�H���H�V�S�H�F�L�D�O�O�\���W�K�D�Q�N���W�K�H���8���6�����)�R�U�H�V�W���6�H�U�Y�L�F�H���(�V�S�D�Q�R�O�D��
�5�D�Q�J�H�U���'�L�V�W�U�L�F�W���D�Q�G���8���6�����)�L�V�K���D�Q�G���:�L�O�G�O�L�I�H���6�H�U�Y�L�F�H���I�R�U���D�X�W�K�R�U�L�]�D�W�L�R�Q���D�Q�G���S�H�U�P�L�W�W�L�Q�J���W�R���H�[�H�F�X�W�H���Z�R�U�N��
�R�Q�� �8���6���� �)�R�U�H�V�W�� �6�H�U�Y�L�F�H�� �O�D�Q�G�V�� �Z�L�W�K�L�Q�� �V�H�Q�V�L�W�L�Y�H�� �V�S�H�F�L�H�V�� �K�D�E�L�W�D�W���� �D�Q�G�� �W�K�H�� �/�R�V�� �$�O�D�P�R�V�� �1�D�W�L�R�Q�D�O��
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �6�H�S�W�H�P�E�H�U��������������������

�/�D�E�R�U�D�W�R�U�\�� ���� �'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�H�U�J�\�� �)�L�H�O�G�� �2�I�I�L�F�H���I�R�U�� �D�V�V�L�V�W�D�Q�F�H�� �L�Q�� �F�R�R�U�G�L�Q�D�W�L�R�Q�� �Z�L�W�K�� �Q�H�L�J�K�E�R�U�L�Q�J��
�O�D�Q�G�R�Z�Q�L�Q�J���D�J�H�Q�F�L�H�V����
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �6�H�S�W�H�P�E�H�U��������������������

2.0 ��A  PAT H T O UNCERT AINT Y REDUCT ION IN HOLOC ENE EVENT  
CHRO NOLOGY  

�/�$�1�/���S�H�U�I�R�U�P�H�G���D�������������X�S�G�D�W�H���W�R���W�K�H���3�6�+�$���E�D�V�H�G���R�Q���D�Y�D�L�O�D�E�O�H���S�D�O�H�R�V�H�L�V�P�L�F���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H��
�3�)�6�� ���:�R�Q�J�� �H�W���D�O������ �������������� �7�K�L�V�� �3�6�+�$�� �X�S�G�D�W�H�� �Z�D�V�� �U�H�Y�L�H�Z�H�G�� �E�\�� �D�Q�� �(�[�W�H�U�Q�D�O�� �5�H�Y�L�H�Z�� �&�R�P�P�L�W�W�H�H��
���(�5�&�����������������D�Q�G���O�D�W�H�U���E�\���W�K�H���8�S�G�D�W�H���6�W�H�H�U�L�Q�J���&�R�P�P�L�W�W�H�H�����8�6�&�������������������Z�K�L�F�K�����L�Q���W�X�U�Q�����O�H�G���W�R���D��
�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���W�R���F�R�O�O�H�F�W���D�G�G�L�W�L�R�Q�D�O���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���D�O�R�Q�J���W�K�H���3�D�M�D�U�L�W�R���)�D�X�O�W���I�R�U���I�X�W�X�U�H���3�6�+�$��
�X�S�G�D�W�H�V�����7�K�L�V���V�H�F�W�L�R�Q���S�U�R�Y�L�G�H�V���D���E�U�L�H�I���K�L�V�W�R�U�\���R�I���W�K�H�V�H���S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V���D�Q�G���H�[�S�H�U�W���U�H�Y�L�H�Z�V�����D�Q�G��
�W�K�H�� �W�H�F�K�Q�L�F�D�O�� �E�D�V�L�V�� �V�X�S�S�R�U�W�L�Q�J�� �W�K�L�V�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �W�K�D�W�� �X�O�W�L�P�D�W�H�O�\�� �O�H�G�� �W�R�� �W�K�L�V�� �3�K�D�V�H�� ����
�S�D�O�H�R�V�H�L�V�P�L�F���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W��������

�7�K�H�� ���������� �3�6�+�$�� �X�S�G�D�W�H�� ���:�R�Q�J�� �H�W�� �D�O������ ������������ �F�R�Q�V�L�G�H�U�H�G�� �G�D�W�D�� �I�U�R�P�� �S�U�H�Y�L�R�X�V�� �S�D�O�H�R�V�H�L�V�P�L�F�� �D�Q�G��
�J�H�R�O�R�J�L�F���V�W�X�G�L�H�V���W�R���G�H�Y�H�O�R�S���D���V�H�L�V�P�L�F���V�R�X�U�F�H���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�����6�6�&�����R�I���W�K�H���3�)�6�����V�H�H���6�H�F�W�L�R�Q����������
�I�R�U���D���U�H�Y�L�H�Z���R�I���W�K�H�V�H���V�W�X�G�L�H�V�������$�V���S�D�U�W���R�I���W�K�H���G�D�W�D���L�Q�W�H�J�U�D�W�L�R�Q���S�U�R�F�H�V�V�����W�K�H���6�6�&���W�H�D�P���G�H�Y�H�O�R�S�H�G���D��
�W�K�U�H�H���H�Y�H�Q�W�� �+�R�O�R�F�H�Q�H�� �F�K�U�R�Q�R�O�R�J�\�� �R�I�� �H�D�U�W�K�T�X�D�N�H�V�� �R�Q�� �W�K�H�� �3�)�6�� �E�D�V�H�G�� �R�Q�� �D�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I��
�S�D�O�H�R�V�H�L�V�P�L�F�� �W�U�H�Q�F�K�� �G�D�W�D�� �D�Q�G�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �I�U�R�P�� �D�� �V�L�Q�J�O�H�� �E�R�U�H�K�R�O�H�� �D�O�R�Q�J�� �W�K�H�� �3�)�6���� �7�K�L�V�� �W�K�U�H�H��
�H�Y�H�Q�W���+�R�O�R�F�H�Q�H���F�K�U�R�Q�R�O�R�J�\���V�X�S�S�R�U�W�H�G���D���V�K�R�U�W�H�U���U�H�F�X�U�U�H�Q�F�H���L�Q�W�H�U�Y�D�O�����a�������������\�H�D�U�V���S�H�U���H�Y�H�Q�W�����I�R�U��
�V�X�U�I�D�F�H���U�X�S�W�X�U�L�Q�J���H�Y�H�Q�W�V���G�X�U�L�Q�J���W�K�H���+�R�O�R�F�H�Q�H���W�K�D�Q���V�X�J�J�H�V�W�H�G���L�Q���W�K�H���3�O�H�L�V�W�R�F�H�Q�H���J�H�R�O�R�J�L�F���U�H�F�R�U�G��
���!���������������\�H�D�U�V���S�H�U���H�Y�H�Q�W�������7�K�X�V�����:�R�Q�J���H�W���D�O�������������������L�Q�F�O�X�G�H�G���D���O�R�J�L�F���W�U�H�H���E�U�D�Q�F�K���L�Q���W�K�H���6�6�&���I�R�U��
�F�O�X�V�W�H�U�H�G���H�D�U�W�K�T�X�D�N�H���E�H�K�D�Y�L�R�U�����Z�K�L�F�K���U�H�F�H�L�Y�H�G���D���K�L�J�K���Z�H�L�J�K�W�������������I�R�U���F�O�X�V�W�H�U�H�G���Y�V�������������I�R�U���U�D�Q�G�R�P��
�E�H�K�D�Y�L�R�U�������7�K�H���/�$�1�/���6�6�&���W�H�D�P���D�O�V�R���G�H�Y�H�O�R�S�H�G���D���V�H�U�L�H�V���R�I���V�W�U�X�F�W�X�U�D�O���P�R�G�H�O�V���X�V�H�G���L�Q���W�K�H���3�6�+�$��
�X�S�G�D�W�H���W�K�D�W���H�[�S�O�R�U�H�G���W�K�H���F�R�Q�Q�H�F�W�L�Y�L�W�\���R�I���W�K�H���Y�D�U�L�R�X�V���3�)�6���V�H�F�W�L�R�Q�V�����7�K�H�V�H���V�W�U�X�F�W�X�U�D�O���P�R�G�H�O�V���Z�H�U�H��
�S�X�E�O�L�V�K�H�G�� �L�Q�� �D�� �S�H�H�U�� �U�H�Y�L�H�Z�H�G�� �M�R�X�U�Q�D�O�� ���/�H�Z�L�V�� �H�W�� �D�O������ ������������ �D�I�W�H�U�� �W�K�H�� ���������� �3�6�+�$�� �X�S�G�D�W�H�� �Z�D�V��
�F�R�P�S�O�H�W�H�����$�V���S�D�U�W���R�I���W�K�L�V���S�D�S�H�U�����/�H�Z�L�V���H�W���D�O�������������������U�H�Y�L�H�Z�H�G���W�K�H���W�U�H�Q�F�K���D�Q�G���E�R�U�H�K�R�O�H���G�D�W�D���X�V�H�G��
�W�R���G�H�Y�H�O�R�S���W�K�H���W�K�U�H�H���H�Y�H�Q�W���+�R�O�R�F�H�Q�H���F�K�U�R�Q�R�O�R�J�\���K�\�S�R�W�K�H�V�L�V�����+�R�Z�H�Y�H�U�����L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W��
�H�D�U�W�K�T�X�D�N�H���U�H�F�X�U�U�H�Q�F�H���R�Q���W�K�H���3�)�6���Z�D�V���Q�R�W���D���I�R�F�X�V���R�I���/�H�Z�L�V���H�W���D�O���������������������D�Q�G���W�K�D�W���W�K�H���W�K�U�H�H���H�Y�H�Q�W��
�+�R�O�R�F�H�Q�H�� �U�H�F�X�U�U�H�Q�F�H�� �P�R�G�H�O�� �L�V�� �O�D�U�J�H�O�\�� �S�U�H�V�H�Q�W�H�G�� �L�Q�� �W�K�H���S�D�S�H�U�� �D�V�� �S�D�U�W���R�I�� �D�� �O�L�W�H�U�D�W�X�U�H�� �U�H�Y�L�H�Z�� �D�Q�G��
�X�V�H�G���L�Q�G�L�U�H�F�W�O�\���W�R���V�X�S�S�R�U�W���V�R�P�H���R�I���/�H�Z�L�V���H�W���D�O�����������������¶�V���F�R�Q�F�O�X�V�L�R�Q�V������

�5�H�Y�L�H�Z�H�U�V�� �R�I�� �W�K�H�� �:�R�Q�J�� �H�W�� �D�O���� �������������� �3�6�+�$�� �X�S�G�D�W�H�� �T�X�H�V�W�L�R�Q�H�G�� �W�K�H�� �W�K�U�H�H���H�Y�H�Q�W�� �+�R�O�R�F�H�Q�H��
�U�H�F�X�U�U�H�Q�F�H���P�R�G�H�O�V���D�Q�G���W�K�H���Z�H�L�J�K�W�L�Q�J���R�I���W�K�H���Y�D�U�L�R�X�V���O�R�J�L�F���W�U�H�H���E�U�D�Q�F�K�H�V�������,�Q���W�K�H���8�6�&�����������������U�H�Y�L�H�Z��
�O�H�W�W�H�U���� �W�K�H�� �P�D�L�Q�� �F�R�Q�F�H�U�Q�V�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �3�)�6�� �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �D�U�H�� �E�H�V�W�� �V�X�P�P�D�U�L�]�H�G�� �E�\�� �W�K�H��
�I�R�O�O�R�Z�L�Q�J���V�W�D�W�H�P�H�Q�W������

�³�$���F�H�Q�W�U�D�O���T�X�H�V�W�L�R�Q���L�Q���W�K�H���U�H�Y�L�H�Z���L�V���Z�K�H�W�K�H�U���W�K�H���W�H�F�K�Q�L�F�D�O���E�D�V�H�V���I�R�U���W�K�H������������
�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���W�K�H���3�)�6���U�H�S�U�H�V�H�Q�W���W�K�H���F�H�Q�W�H�U�����E�R�G�\�����D�Q�G���U�D�Q�J�H�����&�%�5�����R�I��
�W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�����7�'�,�����X�Q�G�H�U���U�H�F�H�Q�W�O�\���U�H�F�D�V�W���J�X�L�G�H�O�L�Q�H�V��
�R�I���W�K�H���6�H�Q�L�R�U���6�H�L�V�P�L�F���+�D�]�D�U�G���$�Q�D�O�\�V�L�V���&�R�P�P�L�W�W�H�H�����6�6�+�$�&�����I�R�U���3�6�+�$�V���´�����S����
�L�L�����8�6�&������������������

�7�K�L�V���V�W�D�W�H�P�H�Q�W���U�H�J�D�U�G�L�Q�J���W�K�H���F�H�Q�W�H�U�����E�R�G�\�����D�Q�G���U�D�Q�J�H���R�I���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���L�V��
�I�R�F�X�V�H�G���R�Q���Z�K�H�W�K�H�U���W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���P�X�O�W�L�S�O�H���+�R�O�R�F�H�Q�H���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�)�6�����D�Q�G���W�K�H���K�L�J�K��
�Z�H�L�J�K�W�� �J�L�Y�H�Q�� �W�R�� �W�K�H�� �P�R�G�H�O���� �L�V�� �W�H�F�K�Q�L�F�D�O�O�\�� �G�H�I�H�Q�V�L�E�O�H�� ���8�6�&���� �������������� �$�V�� �P�H�Q�W�L�R�Q�H�G�� �H�D�U�O�L�H�U���� �W�K�L�V��
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���3�)�6���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���V�W�H�P�V���I�U�R�P���E�U�R�D�G���W�L�P�L�Q�J���I�R�U���W�K�H���P�R�V�W���U�H�F�H�Q�W���H�Y�H�Q�W�����0�5�(����
�G�H�Y�H�O�R�S�H�G�� �I�U�R�P�� �S�U�H�Y�L�R�X�V�O�\�� �F�R�O�O�H�F�W�H�G�� �S�D�O�H�R�V�H�L�V�P�L�F�� �G�D�W�D�� ���: �R�Q�J�� �H�W�� �D�O������ ������������ �2�O�L�J���H�W�� �D�O������ ������������
�.�H�O�V�R�Q���H�W���D�O�������������������0�F�&�D�O�S�L�Q�����������������������������������������5�H�Q�H�D�X���H�W���D�O�������������������*�D�U�G�Q�H�U���H�W���D�O���������������������D�V��
�Z�H�O�O�� �D�V�� �W�K�H�� �F�R�P�S�O�H�[�� �Q�D�W�X�U�H�� �R�I�� �W�K�H�� �3�)�6�� �L�Q�� �W�K�H�� �Y�L�F�L�Q�L�W�\�� �R�I�� �/�$�1�/���� �� �)�X�U�W�K�H�U�P�R�U�H���� �W�K�H�� �(�5�&�� ��������������
�H�[�S�U�H�V�V�H�G���F�R�Q�F�H�U�Q���W�K�D�W���W�K�H���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���X�V�H�G���L�Q���W�K�H�������������3�6�+�$���P�D�\���E�H���L�P�S�U�H�F�L�V�H�����S�R�R�U�O�\��
�F�R�Q�V�W�U�D�L�Q�H�G�����D�Q�G���L�Q�D�G�H�T�X�D�W�H�O�\���U�H�S�U�H�V�H�Q�W�H�G���Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�H���V�S�D�W�L�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���S�D�O�H�R�V�H�L�V�P�L�F��
�G�D�W�D���D�O�R�Q�J�� �W�K�H���I�D�X�O�W���]�R�Q�H���� �7�K�H�� �(�5�&���D�O�V�R���H�P�S�K�D�V�L�]�H�G���W�K�D�W�� �W�K�H���V�F�L�H�Q�F�H�� �R�I���S�D�O�H�R�V�H�L�V�P�R�O�R�J�\���K�D�V��
�H�Y�R�O�Y�H�G���R�Y�H�U���W�K�H���O�D�V�W���������\�H�D�U�V���D�Q�G���W�K�D�W���P�D�Q�\���R�I���W�K�H���S�D�O�H�R�V�H�L�V�P�L�F���W�H�F�K�Q�L�T�X�H�V���D�Q�G���G�D�W�L�Q�J���P�H�W�K�R�G�V��
�X�V�H�G���L�Q���W�K�H���H�D�U�O�L�H�U���V�W�X�G�L�H�V���D�U�H���R�X�W�G�D�W�H�G������

�$�V���D���U�H�V�X�O�W���R�I���W�K�H�V�H���X�Q�F�H�U�W�D�L�Q�W�L�H�V���D�Q�G���O�D�F�N���R�I���U�H�F�H�Q�W�O�\���D�F�T�X�L�U�H�G���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D�����W�K�H���8�6�&����������������
�U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���³�$�Q���L�P�S�U�R�Y�H�G���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���V�H�W���L�V���U�H�T�X�L�U�H�G���W�R���U�H�V�R�O�Y�H���F�R�Q�W�H�Q�W�L�R�X�V���L�V�V�X�H�V���´��
���S�����L�L���8�6�&�����������������D�Q�G���W�K�H�\���³�H�Q�F�R�X�U�D�J�H���/�$�1�/���P�D�Q�D�J�H�P�H�Q�W���W�R���W�D�N�H���D���S�U�R���D�F�W�L�Y�H���D�S�S�U�R�D�F�K���W�R���E�H�W�W�H�U��
�F�K�D�U�D�F�W�H�U�L�]�L�Q�J���W�K�H���3�)�6���W�K�U�R�X�J�K���Q�H�Z���G�D�W�D���D�Q�G���L�P�S�U�R�Y�H�G���P�R�G�H�O�V�´�����S�����������8�6�&���������������������7�K�H���8�6�&��
���������������I�X�U�W�K�H�U���V�W�D�W�H���W�K�D�W���³�L�Q���R�U�G�H�U���W�R���U�H�D�O�O�\���S�U�R�Y�H���W�K�D�W���W�K�H�U�H���Z�H�U�H���W�Z�R���R�U���W�K�U�H�H���+�R�O�R�F�H�Q�H���I�D�X�O�W�L�Q�J��
�H�Y�H�Q�W�V�����/�$�1�/���Z�L�O�O���Q�H�H�G���W�R���I�L�Q�G���D���V�L�W�H���Z�L�W�K���V�W�U�D�W�L�J�U�D�S�K�L�F���H�Y�L�G�H�Q�F�H���R�I���P�X�O�W�L�S�O�H���V�X�U�I�D�F�H���U�X�S�W�X�U�H�V���D�O�R�Q�J��
�D���V�L�Q�J�O�H���R�U���F�O�R�V�H�O�\���V�S�D�F�H�G���]�R�Q�H���R�I���I�D�X�O�W�V���´����

�%�D�V�H�G���R�Q���W�K�H�V�H���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�����/�$�1�/���P�D�Q�D�J�H�P�H�Q�W���L�Q�L�W�L�D�W�H�G���W�K�H���/�$�1�/���3�D�M�D�U�L�W�R���)�D�X�O�W���6�\�V�W�H�P��
�3�D�O�H�R�V�H�L�V�P�L�F���7�U�H�Q�F�K���6�L�W�L�Q�J���3�U�R�M�H�F�W�����3�7�6�3�����F�R�P�S�O�H�W�H�G���L�Q���������������/�&�,���������������������7�K�H���S�X�U�S�R�V�H���R�I���W�K�H��
�3�7�6�3���Z�D�V���W�R���G�H�Y�H�O�R�S���D���V�F�L�H�Q�W�L�I�L�F�D�O�O�\���F�U�H�G�L�E�O�H���O�L�V�W���R�I���S�R�W�H�Q�W�L�D�O���S�D�O�H�R�V�H�L�V�P�L�F���W�U�H�Q�F�K���V�L�W�H�V���R�Q���W�K�H���3�)�6��
�W�K�D�W���R�I�I�H�U�H�G���W�K�H���E�H�V�W���R�S�S�R�U�W�X�Q�L�W�\���W�R���R�E�W�D�L�Q���G�D�W�D���W�K�D�W���F�R�X�O�G���U�H�G�X�F�H���W�K�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H�������������3�6�+�$��
�X�S�G�D�W�H���6�6�&�����)�L�Q�G�L�Q�J�V���I�U�R�P���W�K�H���3�7�6�3���L�Q�G�L�F�D�W�H�G���W�K�D�W���W�K�H�U�H���D�U�H���P�X�O�W�L�S�O�H���W�U�H�Q�F�K���V�L�W�H�V���O�R�F�D�W�H�G���R�Q���W�K�H��
�F�H�Q�W�U�D�O���V�H�F�W�L�R�Q���R�I���W�K�H���3�)�6���W�K�D�W���K�D�Y�H���W�K�H���S�R�W�H�Q�W�L�D�O���W�R���U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�U���D�E�V�H�Q�F�H��
�R�I�� �P�X�O�W�L�S�O�H�� �+�R�O�R�F�H�Q�H�� �V�X�U�I�D�F�H���I�D�X�O�W�� �U�X�S�W�X�U�H�V���� �7�K�H�� �3�7�6�3�� �U�H�F�R�P�P�H�Q�G�H�G�� �E�R�W�K�� �D�� �V�W�D�W�H���R�I���W�K�H���D�U�W��
�W�H�F�K�Q�L�F�D�O���D�S�S�U�R�D�F�K���� �D�Q�G�� �D�� �J�U�R�X�S�� �R�I�� �K�L�J�K�O�\���G�H�V�L�U�D�E�O�H�� �V�L�W�H�V���D�O�R�Q�J���W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���W�K�D�W�� �K�D�Y�H���W�K�H��
�S�R�W�H�Q�W�L�D�O�� �W�R�� �U�H�G�X�F�H�� �X�Q�F�H�U�W�D�L�Q�W�\�� �L�Q�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�U�� �D�E�V�H�Q�F�H�� �R�I�� �P�X�O�W�L�S�O�H�� �+�R�O�R�F�H�Q�H�� �V�X�U�I�D�F�H�� �I�D�X�O�W��
�U�X�S�W�X�U�L�Q�J���H�Y�H�Q�W�V������

�/�$�1�/���P�D�Q�D�J�H�P�H�Q�W���W�K�H�Q���L�Q�L�W�L�D�W�H�G���W�K�H���F�X�U�U�H�Q�W���³�3�D�M�D�U�L�W�R���)�D�X�O�W���7�U�H�Q�F�K�L�Q�J���3�U�R�J�U�D�P�´���W�R���E�H�J�L�Q���D���P�X�O�W�L��
�\�H�D�U���W�K�U�H�H���S�K�D�V�H���V�W�X�G�\���W�R���V�\�V�W�H�P�D�W�L�F�D�O�O�\���S�H�U�I�R�U�P���G�H�W�D�L�O�H�G���S�D�O�H�R�V�H�L�V�P�L�F���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���D�W���W�K�H���V�L�W�H�V��
�U�H�F�R�P�P�H�Q�G�H�G���E�\���W�K�H���3�7�6�3�����/�&�,�������������������7�K�H���F�X�U�U�H�Q�W���V�W�X�G�\���S�U�H�V�H�Q�W�H�G���K�H�U�H�L�Q���L�V���3�K�D�V�H�������R�I���W�K�H��
�W�U�H�Q�F�K�L�Q�J���S�U�R�J�U�D�P����
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3.0 ��GEOLOG IC  AND SEISMOT ECT ONIC SET T ING OF LO S AL AMO S,  
NEW MEXICO  

�7�K�H���5�L�R���*�U�D�Q�G�H���U�L�I�W�����5�*�5�����L�V���D���Q�R�U�W�K���W�U�H�Q�G�L�Q�J�����1���ƒ���W�R�������ƒ�(�����L�Q�W�U�D�F�R�Q�W�L�Q�H�Q�W�D�O���J�U�D�E�H�Q���G�R�P�L�Q�D�W�H�G���E�\��
�D�F�W�L�Y�H���H�D�V�W���Z�H�V�W���H�[�W�H�Q�V�L�R�Q���Z�L�W�K�L�Q���W�K�H���J�U�H�D�W�H�U���%�D�V�L�Q���D�Q�G���5�D�Q�J�H���3�U�R�Y�L�Q�F�H�����+�D�Z�O�H�\�������������������)�L�J�X�U�H��
������������ �� �7�K�H�� �5�*�5�� �L�V�� �D�� �S�K�\�V�L�R�J�U�D�S�K�L�F�� �D�Q�G�� �V�W�U�X�F�W�X�U�D�O�� �G�H�S�U�H�V�V�L�R�Q�� �E�R�U�G�H�U�H�G�� �E�\�� �W�K�H�� �V�R�X�W�K�H�U�Q�� �5�R�F�N�\��
�0�R�X�Q�W�D�L�Q�V���3�U�R�Y�L�Q�F�H���W�R���W�K�H���Q�R�U�W�K�����W�K�H���&�R�O�R�U�D�G�R���3�O�D�W�H�D�X���3�U�R�Y�L�Q�F�H���W�R���W�K�H���Z�H�V�W�����D�Q�G���W�K�H���*�U�H�D�W���3�O�D�L�Q�V��
�3�U�R�Y�L�Q�F�H���W�R���W�K�H���H�D�V�W�����,�W���L�V���D���F�R�Q�W�L�Q�H�Q�W�D�O���U�L�I�W���V�\�V�W�H�P���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���E�D�V�L�Q���V�X�E�V�L�G�H�Q�F�H�����1�H�R�J�H�Q�H��
�W�R�� �4�X�D�W�H�U�Q�D�U�\�� �H�[�W�H�Q�V�L�R�Q�D�O�� �I�D�X�O�W�L�Q�J���� �Y�R�O�F�D�Q�L�V�P���� �K�L�J�K�� �K�H�D�W�� �I�O�R�Z���� �D�Q�G�� �P�R�G�H�U�D�W�H�� �O�H�Y�H�O�V�� �R�I�� �P�L�F�U�R��
�V�H�L�V�P�L�F�L�W�\���� �\�H�W�� �D�� �O�D�F�N�� �R�I�� �O�D�U�J�H�� ���0�!������ �K�L�V�W�R�U�L�F�D�O�� �H�D�U�W�K�T�X�D�N�H�V�� ���6�D�Q�I�R�U�G�� �H�W�� �D�O������ �������������� �5�L�I�W�L�Q�J�� �D�Q�G��
�U�H�J�L�R�Q�D�O�� �H�[�W�H�Q�V�L�R�Q�� �L�Q�L�W�L�D�W�H�G�� �L�Q�� �W�K�H�� �O�D�W�H�� �2�O�L�J�R�F�H�Q�H�� �D�Q�G�� �F�R�Q�W�L�Q�X�H�V�� �W�R�� �W�K�H�� �S�U�H�V�H�Q�W�� �Z�L�W�K�� �S�X�O�V�H�V�� �R�I��
�D�F�W�L�Y�L�W�\�� �K�D�Y�L�Q�J�� �R�F�F�X�U�U�H�G�� �W�K�U�R�X�J�K�� �W�L�P�H�� ���Y�D�Q�� �:�L�M�N�� �H�W�� �D�O������ �������������� �7�K�H�� �W�R�Z�Q�� �R�I�� �/�R�V�� �$�O�D�P�R�V���� �/�$�1�/��
�I�D�F�L�O�L�W�L�H�V�����D�Q�G���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P���D�U�H���O�R�F�D�W�H�G���D�O�R�Q�J���W�K�H���Z�H�V�W�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H���5�*�5�����R�Q���W�K�H��
�H�D�V�W�H�U�Q���I�O�D�Q�N���R�I���W�K�H���9�D�O�O�H�V���7�R�O�H�G�R���F�D�O�G�H�U�D���F�R�P�S�O�H�[�����7�K�H���5�*�5���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���Q�R�U�W�K���Q�R�U�W�K�H�D�V�W��
�V�W�U�L�N�L�Q�J���I�D�X�O�W�V���W�K�D�W���H�[�K�L�E�L�W���E�R�W�K���H�[�W�H�Q�V�L�R�Q�D�O���D�Q�G���V�X�E�R�U�G�L�Q�D�W�H���V�W�U�L�N�H���V�O�L�S���E�H�K�D�Y�L�R�U��������

���������2�9�(�5�9�,�(�:���2�)���7�+�(���5�,�2���* �5�$�1�'�(���5�,�)�7����

�7�K�H���5�*�5���L�V���D���V�H�U�L�H�V���R�I���J�H�Q�H�U�D�O�O�\���Z�H�O�O���G�H�I�L�Q�H�G���D�V�\�P�P�H�W�U�L�F���K�D�O�I���J�U�D�E�H�Q�V���H�[�W�H�Q�G�L�Q�J���P�R�U�H���W�K�D�Q������������
�N�P���I�U�R�P���/�H�D�G�Y�L�O�O�H�����&�R�O�R�U�D�G�R���L�Q���W�K�H���Q�R�U�W�K���W�R���3�U�H�V�L�G�L�R�����7�H�[�D�V���D�Q�G���L�Q�W�R���&�K�L�K�X�D�K�X�D�����0�H�[�L�F�R���L�Q���W�K�H��
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�S�X�P�L�F�H���G�D�W�H�G���W�R���E�H�W�Z�H�H�Q���D�S�S�U�R�[�L�P�D�W�H�O�\���������������D�Q�G�������������0�D�����*�D�U�G�Q�H�U���H�W���D�O���������������������0�R�U�H���U�H�F�H�Q�W��
�D�L�U���I�D�O�O�� �S�X�P�L�F�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �P�R�D�W���U�H�O�D�W�H�G�� �U�K�\�R�O�L�W�H�V�� �D�O�R�Q�J�� �W�K�H�� �V�R�X�W�K�H�U�Q�� �P�D�U�J�L�Q���R�I�� �W�K�H�� �F�D�O�G�H�U�D��
�L�Q�F�O�X�G�H�� �W�K�H�� �(�O�� �&�D�M�H�W�H�� �S�X�P�L�F�H�� ������������ �“�� �������� �N�D���� �D�V�� �E�R�W�K�� �S�U�L�P�D�U�\�� �D�L�U���I�D�O�O�� �G�H�S�R�V�L�W�H�G�� �S�X�P�L�F�H�� �D�Q�G��
�U�H�Z�R�U�N�H�G���V�H�F�R�Q�G�D�U�\���D�U�J�L�O�O�D�F�H�R�X�V���S�X�P�L�F�H�����=�L�P�P�H�U�H�U���H�W���D�O�������������������:�R�O�I�I�������������������&�H�U�U�R���'�H�O�� �0�H�G�L�R��
�D�Q�G���(�O���&�D�M�H�W�H���S�X�P�L�F�H���F�D�Q���E�H���G�L�I�I�H�U�H�Q�W�L�D�W�H�G���L�Q���K�D�Q�G���V�D�P�S�O�H���E�D�V�H�G���R�Q���W�K�H���D�E�V�H�Q�F�H���R�I���E�L�R�W�L�W�H���L�Q���W�K�H��
�I�R�U�P�H�U���S�X�P�L�F�H�����=�L�P�P�H�U�H�U���H�W���D�O��������������������
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�7�K�U�H�H���P�D�M�R�U���I�D�X�O�W���V�\�V�W�H�P�V���F�R�Q�W�U�R�O���W�K�H���5�*�5���L�Q���W�K�H���Y�L�F�L�Q�L�W�\���R�I���/�$�1�/�����L�Q�F�O�X�G�L�Q�J���I�U�R�P���Q�R�U�W�K���W�R���V�R�X�W�K����
�W�K�H���6�D�Q�J�U�H���G�H���&�U�L�V�W�R���I�D�X�O�W���V�\�V�W�H�P�����6�G�&�������W�K�H���6�D�Q�W�D���&�O�D�U�D���(�P�E�X�G�R���I�D�X�O�W���V�\�V�W�H�P�����(�)�6�������D�Q�G���W�K�H��
�3�)�6�����)�L�J�X�U�H�V���������������7�K�H���6�G�&���I�R�U�P�V���W�K�H���V�W�H�H�S���Z�H�V�W�H�U�Q���I�U�R�Q�W���R�I���W�K�H���6�D�Q�J�U�H���G�H���&�U�L�V�W�R���0�R�X�Q�W�D�L�Q�V����
�Z�K�L�F�K���H�[�W�H�Q�G���Q�R�U�W�K�Z�D�U�G���L�Q�W�R���V�R�X�W�K�H�U�Q���D�Q�G���F�H�Q�W�U�D�O���&�R�O�R�U�D�G�R���D�Q�G���I�R�U�P�V���W�K�H���H�D�V�W�H�U�Q���E�R�X�Q�G�D�U�\���R�I��
�W�K�H���7�D�R�V���E�D�V�L�Q�����'�H�W�D�L�O�H�G���P�D�S�S�L�Q�J���D�Q�G���S�D�O�H�R�V�H�L�V�P�L�F���W�U�H�Q�F�K�L�Q�J���D�O�R�Q�J���W�K�H���6�G�&���G�R�F�X�P�H�Q�W�V���W�K�D�W���R�Q�H��
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�W�R���W�K�U�H�H���+�R�O�R�F�H�Q�H���V�X�U�I�D�F�H���U�X�S�W�X�U�L�Q�J���H�Y�H�Q�W�V���K�D�Y�H���R�F�F�X�U�U�H�G���D�O�R�Q�J���P�R�V�W���V�H�F�W�L�R�Q�V���R�I���W�K�H���I�D�X�O�W�����&�U�R�Q�H��
�D�Q�G���0�D�F�K�H�W�W�H�����������������.�H�O�V�R�Q���H�W���D�O�������������������0�F�&�D�O�S�L�Q�����������������0�H�Q�J�H�V�������������D�������������E�����H�W�F����������

�7�K�H�� �6�G�&�� �D�Q�G�� �3�)�6�� �D�U�H�� �V�W�U�X�F�W�X�U�D�O�O�\�� �F�R�Q�Q�H�F�W�H�G�� �E�\�� �W�K�H�� �(�)�6���� �Z�K�L�F�K�� �D�F�W�V�� �D�V�� �D�� �W�U�D�Q�V�I�R�U�P�� �]�R�Q�H�� �W�R��
�D�F�F�R�P�P�R�G�D�W�H�� �W�K�H�� �S�R�O�D�U�L�W�\�� �F�K�D�Q�J�H�� �R�I�� �W�K�H�� �K�D�O�I�� �J�U�D�E�H�Q�V�� ���)�L�J�X�U�H�� ���������� ���*�U�D�X�F�K�� �H�W�� �D�O������ �������������� �7�K�L�V��
�D�F�F�R�P�P�R�G�D�W�L�R�Q���]�R�Q�H���D�S�S�H�D�U�V���W�R�� �K�D�Y�H���G�H�H�S���V�W�U�X�F�W�X�U�D�O���U�R�R�W�V���W�K�D�W���H�[�W�H�Q�G���Z�H�O�O���E�H�\�R�Q�G���W�K�H���5�*�5����
�)�R�U���H�[�D�P�S�O�H�����W�K�H���(�)�6���L�V���D�O�L�J�Q�H�G���Z�L�W�K���W�K�H���Q�R�U�W�K�H�D�V�W�����W�R���H�D�V�W���W�U�H�Q�G�L�Q�J���-�H�P�H�]���/�L�Q�H�D�P�H�Q�W�����Z�K�L�F�K���L�V��
�D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �D�� �V�W�U�L�Q�J�� �R�I�� �4�X�D�W�H�U�Q�D�U�\�� �Y�R�O�F�D�Q�R�H�V�� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �&�D�S�X�O�L�Q�� �Y�R�O�F�D�Q�R���� �W�K�H�� �-�H�P�H�]��
�F�D�O�G�H�U�D�V�����D�Q�G���W�K�H���=�X�Q�L���Y�R�O�F�D�Q�R�����*�U�D�X�F�K���H�W���D�O�����������������������7�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���(�)�6���L�V���P�D�S�S�H�G���W�K�U�R�X�J�K��
�3�O�L�R�F�H�Q�H���E�D�V�D�O�W���R�I���W�K�H���7�D�R�V���3�O�D�W�H�D�X���R�U���K�D�V���E�H�H�Q���H�U�R�G�H�G���E�\���W�K�H���5�L�R���*�U�D�Q�G�H�����Z�K�L�F�K���K�D�V���F�X�W���D���G�H�H�S��
�F�D�Q�\�R�Q���W�K�U�R�X�J�K���W�K�H���(�V�S�D�x�R�O�D���E�D�V�L�Q���W�R���W�K�H���Q�R�U�W�K�H�D�V�W���R�I���/�$�1�/�����:�K�H�U�H���W�K�H���(�)�6���L�V���R�Y�H�U�O�D�L�Q���E�\���P�R�U�H��
�U�H�F�H�Q�W���4�X�D�W�H�U�Q�D�U�\���V�X�U�I�L�F�L�D�O���G�H�S�R�V�L�W�V�����G�L�V�S�O�D�F�H�P�H�Q�W���K�D�V���E�H�H�Q���R�E�V�H�U�Y�H�G���L�Q���P�D�W�H�U�L�D�O���W�K�D�W���L�V���D�V���\�R�X�Q�J��
�D�V���O�D�W�H���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���S�R�V�V�L�E�O�\���H�D�U�O�\���+�R�O�R�F�H�Q�H���L�Q���D�J�H�����.�H�O�V�R�Q���H�W���D�O���������������������7�R���W�K�H���V�R�X�W�K���R�I���W�K�H��
�(�)�6�����W�K�H���Z�H�V�W�H�U�Q���E�R�X�Q�G�D�U�\���R�I���W�K�H���(�V�S�D�Q�R�O�D���E�D�V�L�Q���L�V���I�R�U�P�H�G���E�\���W�K�H���H�D�V�W���G�L�S�S�L�Q�J���3�)�6�����)�L�J�X�U�H������
���������7�K�H���(�)�6���L�V���S�R�R�U�O�\���X�Q�G�H�U�V�W�R�R�G���D�Q�G���K�D�V���D���S�R�R�U�O�\���G�R�F�X�P�H�Q�W�H�G���S�D�O�H�R�V�H�L�V�P�L�F���K�L�V�W�R�U�\�����.�R�Q�L�Q�J���H�W��
�D�O���������������������)�L�J�X�U�H���������������7�K�H���3�)�6���D�Q�G���3�D�M�D�U�L�W�R���I�D�X�O�W���D�U�H���G�L�V�F�X�V�V�H�G���L�Q���P�R�U�H���G�H�W�D�L�O���L�Q���6�H�F�W�L�R�Q��������������
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�(�D�U�W�K�T�X�D�N�H���D�F�W�L�Y�L�W�\���L�Q���1�H�Z���0�H�[�L�F�R���V�L�Q�F�H�������������K�D�V���E�H�H�Q���U�H�O�D�W�L�Y�H�O�\���V�S�D�U�V�H�����F�R�Q�V�L�V�W�L�Q�J���R�I���V�P�D�O�O���W�R��
�P�R�G�H�U�D�W�H���V�L�]�H�����0�������������H�Y�H�Q�W�V���W�K�D�W���Z�H�U�H���E�U�R�D�G�O�\���G�L�V�S�H�U�V�H�G���W�K�U�R�X�J�K���W�K�H���U�H�J�L�R�Q���D�U�R�X�Q�G���/�$�1�/�������7�K�H��
�R�E�V�H�U�Y�H�G�� �V�H�L�V�P�L�F�L�W�\�� �L�V�� �O�D�U�J�H�O�\�� �X�Q�U�H�O�D�W�H�G�� �W�R�� �D�Q�\�� �P�D�S�S�H�G�� �4�X�D�W�H�U�Q�D�U�\�� �I�D�X�O�W�V���� �D�Q�G�� �D�U�H�D�V�� �R�I��
�F�R�Q�F�H�Q�W�U�D�W�H�G���V�H�L�V�P�L�F�L�W�\���D�S�S�H�D�U���W�R���E�H���U�H�O�D�W�H�G���P�R�U�H���W�R���Y�R�O�F�D�Q�L�V�P���W�K�D�Q���W�H�F�W�R�Q�L�F���I�D�X�O�W�L�Q�J�����6�D�Q�I�R�U�G���H�W��
�D�O�����������������������5�H�J�L�R�Q�D�O���D�Q�G���O�R�F�D�O���V�F�D�O�H���V�H�L�V�P�L�F�L�W�\���G�R���Q�R�W���G�H�O�L�Q�H�D�W�H���W�K�H���5�*�5���R�U���D�Q�\���I�D�X�O�W�V���Z�L�W�K�L�Q���W�K�H��
�U�L�I�W�����D�O�W�K�R�X�J�K���1�H�Z���0�H�[�L�F�R�¶�V���O�D�U�J�H�V�W���H�D�U�W�K�T�X�D�N�H�V�����5�L�F�K�W�H�U���O�R�F�D�O���P�D�J�Q�L�W�X�G�H���0�/���!�������������V�L�Q�F�H������������
�K�D�Y�H���R�F�F�X�U�U�H�G���S�U�H�G�R�P�L�Q�D�Q�W�O�\���L�Q���W�K�H���U�L�I�W�����6�D�Q�I�R�U�G���H�W���D�O���������������������)�R�U���L�Q�V�W�D�Q�F�H�����W�K�H���O�D�U�J�H�V�W���K�L�V�W�R�U�L�F�D�O��
�H�D�U�W�K�T�X�D�N�H���Z�L�W�K�L�Q���W�K�H���5�*�5���R�I���1�H�Z���0�H�[�L�F�R���Z�D�V���S�U�R�E�D�E�O�\���W�K�H���H�D�U�W�K�T�X�D�N�H���R�Q���������1�R�Y�H�P�E�H�U��������������
�Z�K�L�F�K�� �R�F�F�X�U�U�H�G�� �D�V�� �S�D�U�W�� �R�I�� �D�� �V�Z�D�U�P�� �R�I�� �H�D�U�W�K�T�X�D�N�H�V�� �D�U�R�X�Q�G�� �6�R�F�R�U�U�R�� �E�H�W�Z�H�H�Q�� ���������� �D�Q�G�� ����������
���6�D�Q�I�R�U�G���H�W���D�O�������������������D�Q�G�����������������$�V���Q�R�W�H�G���S�U�H�Y�L�R�X�V�O�\���L�Q���:�R�Q�J���H�W���D�O���������������������V�H�L�V�P�L�F�L�W�\���I�R�U�P�V���D��
�Z�H�D�N�� �D�O�L�J�Q�P�H�Q�W�� �D�O�R�Q�J�� �W�K�H�� �-�H�P�H�]�� �O�L�Q�H�D�P�H�Q�W���� �Z�K�L�F�K�� �U�H�S�U�H�V�H�Q�W�V�� �D�Q�� �D�O�L�J�Q�P�H�Q�W�� �R�I�� �K�X�Q�G�U�H�G�V�� �R�I��
�0�L�R�F�H�Q�H�� �W�R�� �4�X�D�W�H�U�Q�D�U�\�� �Y�R�O�F�D�Q�L�F�� �F�H�Q�W�H�U�V�� �E�H�W�Z�H�H�Q�� �V�R�X�W�K�H�D�V�W�H�U�Q�� �&�R�O�R�U�D�G�R�� �D�Q�G�� �F�H�Q�W�U�D�O�� �$�U�L�]�R�Q�D��
���$�O�G�U�L�F�K�����������������*�R�I�I���H�W���D�O�������������� �������7�K�H���-�H�P�H�]���9�R�O�F�D�Q�L�F���)�L�H�O�G�����L�Q�F�O�X�G�L�Q�J���W�K�H���9�D�O�O�H�V���7�R�O�H�G�R���F�D�O�G�H�U�D��
�F�R�P�S�O�H�[���Z�H�V�W���R�I���/�R�V���$�O�D�P�R�V�����L�V���O�D�U�J�H�O�\���D�V�H�L�V�P�L�F�����6�D�Q�I�R�U�G���H�W�� �D�O�������������������D�Q�G���6�W�H�F�N���H�W���D�O������������������
�Q�R�W�H���W�K�D�W���W�K�H���H�O�H�Y�D�W�H�G���F�U�X�V�W�D�O���W�H�P�S�H�U�D�W�X�U�H�V���D�V���D���U�H�V�X�O�W���R�I���K�L�J�K���K�H�D�W���I�O�R�Z���P�D�\���D�F�F�R�X�Q�W���I�R�U���W�K�H���O�D�F�N��
�R�I�� �V�H�L�V�P�L�F�L�W�\�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �9�D�O�O�H�V���7�R�O�H�G�R�� �F�D�O�G�H�U�D�� �F�R�P�S�O�H�[���� �� �)�R�U�� �D�� �P�R�U�H�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H��
�G�L�V�F�X�V�V�L�R�Q���R�I���V�H�L�V�P�L�F�L�W�\���L�Q���W�K�H���U�H�J�L�R�Q���V�H�H���6�D�Q�I�R�U�G���H�W���D�O�������������������D�Q�G���:�R�Q�J���H�W���D�O������������������������
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4.0 ��PAJ ARIT O FAULT  SYST EM 

�7�K�H�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� �������N�P���O�R�Q�J�� �Q�R�U�W�K���V�W�U�L�N�L�Q�J�� �3�)�6�� �E�R�X�Q�G�V�� �W�K�H�� �Z�H�V�W�H�U�Q�� �P�D�U�J�L�Q�� �R�I�� �W�K�H�� �(�V�S�D�Q�R�O�D��
�E�D�V�L�Q���D�Q�G�� �W�K�H�� �5�*�5�� ���)�L�J�X�U�H�V�� �������� �D�Q�G�� ������������ �7�K�H�� �3�)�6�� �F�U�R�V�V�H�V���W�K�H�� �Z�H�V�W�H�U�Q�� �P�D�U�J�L�Q�� �R�I���/�$�1�/�� �D�Q�G��
�L�Q�F�O�X�G�H�V���D���E�U�R�D�G�����!�������N�P���Z�L�G�H�����F�R�P�S�O�H�[���]�R�Q�H���R�I���G�H�I�R�U�P�H�G���4�X�D�W�H�U�Q�D�U�\���E�H�G�U�R�F�N���D�Q�G���V�H�G�L�P�H�Q�W�D�U�\��
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�V�W�U�X�F�W�X�U�H�V�����H���J�������5�&�)���D�Q�G���*�0�)�������7�K�H���R�Y�H�U�D�O�O���V�W�U�X�F�W�X�U�D�O���U�H�O�L�H�I���D�F�U�R�V�V���W�K�H���3�)�6���L�V���E�H�V�W���F�R�Q�V�W�U�D�L�Q�H�G��
�E�\���W�K�H���G�R�Z�Q���W�R���W�K�H���H�D�V�W���V�H�S�D�U�D�W�L�R�Q���P�H�D�V�X�U�H�G���R�Q���4�E�W���D�F�U�R�V�V���W�K�H���3�)�6�����2�O�L�J���H�W���D�O�������������������/�H�Z�L�V���H�W��
�D�O�������������������)�L�J�X�U�H���������������.�L�Q�H�P�D�W�L�F���L�Q�G�L�F�D�W�R�U�V���R�I���V�O�L�S���D�U�H���O�L�P�L�W�H�G�����E�X�W���U�H�J�L�R�Q�D�O���P�D�S�S�L�Q�J���E�\���&�D�U�W�H�U���D�Q�G��
�:�L�Q�W�H�U�����������������L�Q�G�L�F�D�W�H���U�D�N�H�V���R�I�������ƒ���W�R�������ƒ�����D�Q�G���V�R�P�H���D�V���V�K�D�O�O�R�Z���D�V�������ƒ���I�R�U���W�K�H���D�Q�W�L�W�K�H�W�L�F�����Z�H�V�W��
�G�L�S�S�L�Q�J�� �5�&�)�� �D�Q�G�� �*�0�)���� �$�V�� �S�D�U�W�� �R�I�� �W�K�L�V�� �V�W�X�G�\�� �K�H�U�H�L�Q���� �J�H�R�O�R�J�L�F�� �P�D�S�S�L�Q�J�� �R�Q�� �8�6�� �'�H�S�D�U�W�P�H�Q�W�� �R�I��
�,�Q�W�H�U�L�R�U���%�D�Q�G�H�O�L�H�U���1�D�W�L�R�Q�D�O���0�R�Q�X�P�H�Q�W���O�D�Q�G�V���V�K�R�Z�H�G���V�L�P�L�O�D�U���N�L�Q�H�P�D�W�L�F���L�Q�G�L�F�D�W�R�U�V�����L���H�������V�O�L�F�N�H�Q�O�L�Q�H��
�V�W�U�L�D�H���W�K�D�W���U�D�N�H������°���W�R���W�K�H���Q�R�U�W�K���L�Q�G�L�F�D�W�L�Q�J���D���P�L�Q�R�U���F�R�P�S�R�Q�H�Q�W���R�I���O�H�I�W���O�D�W�H�U�D�O���V�O�L�S���R�Q���D���Q�R�U�W�K���V�W�U�L�N�L�Q�J����
�H�D�V�W���G�L�S�S�L�Q�J���Q�R�U�P�D�O���I�D�X�O�W�������)�L�J�X�U�H��������������

�*�H�Q�H�U�D�O�� �V�H�Q�V�H���R�I���V�O�L�S�� �L�Q�G�L�F�D�W�L�R�Q�V�� �Z�H�U�H���H�[�S�R�V�H�G�� �L�Q�� �P�R�V�W���R�I�� �W�K�H���S�U�H�Y�L�R�X�V���S�D�O�H�R�V�H�L�V�P�L�F�� �W�U�H�Q�F�K�H�V��
���7�D�E�O�H�� ������������ �D�Q�G�� �D�U�H�� �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H�� �S�U�H�Y�L�R�X�V�� �V�X�U�I�L�F�L�D�O�� �J�H�R�O�R�J�L�F�� �V�W�X�G�L�H�V�� �G�H�V�F�U�L�E�H�G�� �D�E�R�Y�H����
�1�X�P�H�U�R�X�V�� �H�[�S�R�V�X�U�H�V�� �R�I�� �W�H�Q�V�L�R�Q�� �I�L�V�V�X�U�H�V���� �R�S�H�Q�� �Y�R�L�G�V�� �L�Q�� �E�H�G�U�R�F�N���� �J�U�D�E�H�Q�� �V�W�U�X�F�W�X�U�H�V���� �D�Q�G�� �R�W�K�H�U��
�V�W�U�D�W�L�J�U�D�S�K�L�F���G�L�V�S�O�D�F�H�P�H�Q�W�V���L�Q�G�L�F�D�W�H���R�Y�H�U�D�O�O���G�R�Z�Q���W�R���W�K�H���H�D�V�W���Q�R�U�P�D�O���I�D�X�O�W�L�Q�J���D�F�U�R�V�V���W�K�H���3�)�����D�Q�G��
�R�Y�H�U�D�O�O�� �G�R�Z�Q���W�R���W�K�H���Z�H�V�W�� �Q�R�U�P�D�O���I�D�X�O�W�L�Q�J�� �D�F�U�R�V�V���W�K�H�� �5�&�)�� �D�Q�G�� �*�0�)�� ���7�D�E�O�H�������������� �$�G�G�L�W�L�R�Q�D�O�O�\���� �L�Q��
�V�R�P�H���W�U�H�Q�F�K�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����H���J�������7�U�H�Q�F�K�����������������0�F�&�D�O�S�L�Q�����������������������������R�E�V�H�U�Y�H�G���F�R�P�S�O�H�[��
�E�H�G�U�R�F�N�� �V�W�U�X�F�W�X�U�H�V�� �V�X�J�J�H�V�W�L�Y�H�� �R�I�� �G�R�P�L�Q�R���V�W�\�O�H�� �I�D�X�O�W�L�Q�J�� �D�F�F�R�P�P�R�G�D�W�L�Q�J�� �R�Y�H�U�D�O�O�� �H�D�V�W���Z�H�V�W��
�H�[�W�H�Q�V�L�R�Q�����)�L�J�X�U�H��������������

�'�H�V�S�L�W�H�� �W�K�H�� �D�E�X�Q�G�D�Q�F�H�� �R�I�� �J�H�Q�H�U�D�O�� �V�H�Q�V�H�� �R�I�� �V�O�L�S�� �L�Q�G�L�F�D�W�R�U�V�� �I�R�U�� �W�K�H�� �3�)�6���� �V�S�H�F�L�I�L�F���V�O�L�S�� �N�L�Q�H�P�D�W�L�F��
�L�Q�G�L�F�D�W�R�U�V�� ���V�X�F�K�� �D�V�� �I�U�R�P�� �V�O�L�F�N�H�Q�V�L�G�H�V�� �R�U�� �S�L�H�U�F�L�Q�J�� �S�R�L�Q�W�V���� �Z�H�U�H�� �H�L�W�K�H�U�� �Q�R�W�� �R�E�V�H�U�Y�H�G�� �R�U�� �Q�R�W��
�G�R�F�X�P�H�Q�W�H�G�� �L�Q�� �P�R�V�W�� �S�U�H������������ �S�D�O�H�R�V�H�L�V�P�L�F�� �V�W�X�G�L�H�V�� ���:�R�Q�J�� �H�W�� �D�O������ ������������ �.�H�O�V�R�Q�� �H�W�� �D�O������ ������������
�0�F�&�D�O�S�L�Q���� ������������ ������������ �5�H�Q�H�D�X�� �H�W�� �D�O������ �������������� �$�Q�� �H�[�F�H�S�W�L�R�Q�� �L�V�� �D�O�R�Q�J�� �W�K�H�� �*�0�)���� �Z�K�H�U�H�� �P�D�Q�\��
�V�O�L�F�N�H�Q�V�L�G�H�V�� �Z�H�U�H�� �P�H�D�V�X�U�H�G�� �D�W���E�R�W�K�� �W�K�H�� �&�D�E�U�D�� �&�D�Q�\�R�Q���D�Q�G�� �&�K�X�S�D�G�H�U�R�V�� �V�L�W�H�V�� ���*�D�U�G�Q�H�U�� �H�W�� �D�O������
���������������D�Q�G���Z�K�L�F�K���V�K�R�Z���F�R�P�S�O�H�[���S�D�W�W�H�U�Q�V���Z�L�W�K���U�D�N�H�V���W�K�D�W���Y�D�U�\���I�U�R�P���Q�H�D�U�O�\���K�R�U�L�]�R�Q�W�D�O���W�R���Y�H�U�W�L�F�D�O�����$�W��
�&�D�E�U�D�� �&�D�Q�\�R�Q���� �G�L�V�S�O�D�F�H�P�H�Q�W�V�� �D�S�S�H�D�U�� �G�R�P�L�Q�D�Q�W�O�\�� �Y�H�U�W�L�F�D�O�� �D�Q�G�� �D�O�P�R�V�W�� �D�O�O�� �V�O�L�F�N�H�Q�V�L�G�H�V�� �S�O�X�Q�J�H��
�V�W�H�H�S�O�\�� �W�R�� �W�K�H�� �V�R�X�W�K���� �V�X�J�J�H�V�W�L�Q�J�� �D�� �V�P�D�O�O�� �O�H�I�W���O�D�W�H�U�D�O�� �F�R�P�S�R�Q�H�Q�W�� �R�I�� �V�O�L�S���� �,�Q�� �F�R�Q�W�U�D�V�W���� �S�R�V�V�L�E�O�H��
�V�O�L�F�N�H�Q�V�L�G�H�V���H�[�S�R�V�H�G���L�Q���F�O�D�\���J�R�X�J�H���D�W���W�K�H���&�R�X�Q�W�\���/�D�Q�G�I�L�O�O���V�L�W�H���V�X�J�J�H�V�W���D���F�R�P�S�R�Q�H�Q�W���R�I���U�L�J�K�W���O�D�W�H�U�D�O��
�V�O�L�S�� �R�Q���D�� �V�W�U�D�Q�G���R�I���W�K�H�� �5�&�)�� ���:�R�Q�J���H�W���D�O���������������� ���)�L�J�X�U�H�� ������������ �5�H�J�D�U�G�O�H�V�V���� �W�K�H���H�[�S�R�V�X�U�H�V���D�W�� �W�K�H��
�&�R�X�Q�W�\���/�D�Q�G�I�L�O�O�����&�D�E�U�D���&�D�Q�\�R�Q�����D�Q�G���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H�V���S�U�R�Y�L�G�H���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O��
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�H�Y�L�G�H�Q�F�H���I�R�U���D���V�P�D�O�O���F�R�P�S�R�Q�H�Q�W���R�I���O�D�W�H�U�D�O���V�O�L�S���W�K�D�W���U�H�P�D�L�Q�V���O�D�U�J�H�O�\���X�Q�F�R�Q�V�W�U�D�L�Q�H�G�����)�X�U�W�K�H�U�P�R�U�H����
�D�O�W�K�R�X�J�K���D�O�O���R�I���W�K�H�V�H���V�L�W�H�V���Z�H�U�H���R�Q���V�X�E�V�L�G�L�D�U�\���V�W�U�X�F�W�X�U�H�V�����D���F�R�P�S�R�Q�H�Q�W���R�I���O�D�W�H�U�D�O���V�O�L�S���F�D�Q�Q�R�W���E�H��
�S�U�H�F�O�X�G�H�G�� �I�R�U�� �W�K�H�� �3�)�6���� �H�V�S�H�F�L�D�O�O�\�� �J�L�Y�H�Q�� �L�W�V�� �J�H�R�P�H�W�U�L�F�� �F�R�P�S�O�H�[�L�W�\�� �D�Q�G�� �L�W�V�� �D�S�S�D�U�H�Q�W���D�O�R�Q�J���V�W�U�L�N�H��
�F�R�Q�Q�H�F�W�L�R�Q���D�W���L�W�V���Q�R�U�W�K�H�U�Q���H�Q�G���Z�L�W�K���W�K�H���Q�R�U�W�K�H�D�V�W���V�W�U�L�N�L�Q�J���(�)�6�����)�L�J�X�U�H����������������

���������'�,�6�3�/�$�&�(�0�(�1�7���3�(�5���( �9�(�1�7���2�1���7�+�(���3�)�6��

�3�U�H�Y�L�R�X�V���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���S�U�R�Y�L�G�H���G�L�V�S�O�D�F�H�P�H�Q�W���S�H�U���H�Y�H�Q�W���H�V�W�L�P�D�W�H�V���I�R�U���W�K�H���*�0�)���D�Q�G���5�&�)����
�Z�K�H�U�H�D�V�� �G�L�V�S�O�D�F�H�P�H�Q�W�V�� �S�H�U�� �H�Y�H�Q�W�� �K�D�Y�H�� �Q�R�W�� �E�H�H�Q�� �P�H�D�V�X�U�H�G�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �R�Z�L�Q�J�� �W�R�� �L�W�V��
�F�R�P�S�O�H�[�� �P�R�Q�R�F�O�L�Q�D�O�� �V�W�U�X�F�W�X�U�H�� �D�Q�G�� �G�L�V�W�U�L�E�X�W�H�G�� �Q�D�W�X�U�H�� �R�I�� �V�O�L�S�� ���)�L�J�X�U�H�� ������������ �(�Y�H�Q�� �L�Q�� �0�F�&�D�O�S�L�Q�¶�V��
���������������S�D�O�H�R�V�H�L�V�P�L�F���W�U�D�Q�V�H�F�W���D�O�R�Q�J���6�N�L���+�L�O�O���5�R�D�G�����K�H���Z�D�V���X�Q�D�E�O�H���W�R���H�V�W�L�P�D�W�H���G�L�V�S�O�D�F�H�P�H�Q�W���S�H�U��
�H�Y�H�Q�W���I�R�U���W�K�H���\�R�X�Q�J�H�V�W���H�Y�H�Q�W�����R�U���D�Q�\���R�W�K�H�U���H�Y�H�Q�W�����G�X�H���W�R���W�K�H���E�U�R�D�G���Q�D�W�X�U�H���D�Q�G���F�R�P�S�O�H�[�L�W�\���R�I���W�K�H��
�I�D�X�O�W���]�R�Q�H���� �,�Q�� �F�R�P�S�D�U�L�V�R�Q�����D�W�� �W�K�H�� �*�X�D�M�H�� �3�L�Q�H�V�� �V�L�W�H�� �R�Q���W�K�H�� �5�&�)���� �.�H�O�V�R�Q���H�W���D�O���� �������������� �H�V�W�L�P�D�W�H�G��
�Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W���R�I�����������“�����������P�����E�D�V�H�G���R�Q���W�K�H���W�K�L�F�N�Q�H�V�V���R�I���D���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H�����2�Q���W�K�H���*�0�)����
�*�D�U�G�Q�H�U���H�W���D�O�������������������V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H�U�H���Z�D�V���D�W���O�H�D�V�W�������P���R�I���Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W���G�X�U�L�Q�J���W�K�H��
�0�5�(���D�W���W�K�H���&�D�E�U�D���&�D�Q�\�R�Q���V�L�W�H�����Z�K�H�U�H�D�V���D�W���W�K�H���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H�����*�D�U�G�Q�H�U���H�W���D�O������������������
�P�H�D�V�X�U�H�G�����������P���R�I���Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W���R�Q���I�O�X�Y�L�D�O���V�H�G�L�P�H�Q�W�V���W�K�D�W���Z�H�U�H���G�L�V�S�O�D�F�H�G���G�X�U�L�Q�J���W�K�H���0�5�(����
�7�K�H�V�H�� �U�H�S�U�H�V�H�Q�W�� �Y�H�U�\�� �O�D�U�J�H�� �F�R�V�H�L�V�P�L�F�� �G�L�V�S�O�D�F�H�P�H�Q�W�V�� �Z�K�H�Q�� �F�R�Q�V�L�G�H�U�L�Q�J�� �W�K�H�� �V�K�R�U�W�� �O�H�Q�J�W�K�� �R�I�� �W�K�H��
�5�&�)���D�Q�G���*�0�)�����7�K�L�V���D�S�S�D�U�H�Q�W���L�Q�F�R�Q�V�L�V�W�H�Q�F�\���L�Q���I�D�X�O�W���O�H�Q�J�W�K���Y�V���G�L�V�S�O�D�F�H�P�H�Q�W���S�H�U���H�Y�H�Q�W�����:�H�O�O�V���D�Q�G��
�&�R�S�S�H�U�V�P�L�W�K�����������������O�H�G���:�R�Q�J���H�W���D�O�������������������W�R���F�R�Q�F�O�X�G�H���W�K�D�W���W�K�H�V�H���I�D�X�O�W�V���S�U�R�E�D�E�O�\���U�X�S�W�X�U�H�G���Z�L�W�K��
�D�G�M�D�F�H�Q�W���V�W�U�X�F�W�X�U�H�V�����V�X�F�K���D�V���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���W�R���W�K�H���V�R�X�W�K���R�U���6�&�&�)���R�U���(�)�6���W�R���W�K�H���Q�R�U�W�K�����U�D�W�K�H�U��
�W�K�D�Q���L�Q�G�H�S�H�Q�G�H�Q�W�O�\����
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5.0 ��MET HODOLOG Y  
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�6�H�Y�H�U�D�O�� �P�H�W�K�R�G�V�� �Z�H�U�H�� �X�V�H�G�� �W�R�� �H�V�W�L�P�D�W�H�� �W�K�H�� �D�J�H�� �R�I�� �W�K�H�� �G�H�S�R�V�L�W�V�� �H�Q�F�R�X�Q�W�H�U�H�G�� �L�Q�� �W�K�H�� �W�U�H�Q�F�K��
�H�[�F�D�Y�D�W�L�R�Q�V�����7�K�H�\���L�Q�F�O�X�G�H���U�D�G�L�R�F�D�U�E�R�Q���������&�����G�D�W�L�Q�J�����S�H�G�R�O�R�J�L�F���G�H�Y�H�O�R�S�P�H�Q�W�����V�R�L�O���F�K�U�R�Q�R�V�H�T�X�H�Q�F�H��
�D�Q�G�� �3�'�,�¶�V���� �0�F�'�R�Q�D�O�G�� �H�W�� �D�O������ �������������� �O�X�P�L�Q�H�V�F�H�Q�F�H�� �G�D�W�L�Q�J���� �J�H�R�F�K�H�P�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I��
�D�V�K���W�H�S�K�U�D���� �D�Q�G�� �S�D�O�H�R�P�D�J�Q�H�W�L�F�� �D�Q�D�O�\�V�L�V���� �7�K�H�� �S�X�U�S�R�V�H�� �R�I�� �X�V�L�Q�J�� �W�K�H�V�H�� �G�D�W�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V�� �L�V�� �W�R��
�H�V�W�L�P�D�W�H���W�K�H���D�J�H���R�I���W�K�H���J�H�R�O�R�J�L�F���G�H�S�R�V�L�W�V���H�[�S�R�V�H�G���L�Q���W�K�H���H�[�F�D�Y�D�W�L�R�Q�V���D�Q�G���W�R���F�R�Q�V�W�U�D�L�Q���W�K�H���W�L�P�L�Q�J��
�R�I���S�D�O�H�R�V�H�L�V�P�L�F�� �H�Y�H�Q�W�V���� �7�K�H�� �D�J�H�� �R�I�� �D�� �J�H�R�O�R�J�L�F���G�H�S�R�V�L�W�� �F�D�Q�� �E�H���H�V�W�L�P�D�W�H�G�� �D�� �Y�D�U�L�H�W�\���R�I�� �Z�D�\�V���� ��������
�D�Q�D�O�\�]�L�Q�J���D���S�L�H�F�H���R�I���F�K�D�U�F�R�D�O���E�\�������&���G�D�W�L�Q�J�������������D�Q�D�O�\�]�L�Q�J���P�L�Q�H�U�D�O���J�U�D�L�Q�V���I�U�R�P���V�H�G�L�P�H�Q�W���W�R���D�V�V�H�V�V��
�Z�K�H�Q�� �W�K�H�� �G�H�S�R�V�L�W�� �Z�D�V�� �O�D�V�W�� �H�[�S�R�V�H�G�� �W�R�� �V�X�Q�O�L�J�K�W�� ���H���J������ �O�X�P�L�Q�H�V�F�H�Q�F�H�� �G�D�W�L�Q�J������ �������� �H�Y�D�O�X�D�W�L�Q�J�� �W�K�H��
�G�H�J�U�H�H�� �R�I�� �V�R�L�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �Z�L�W�K�L�Q�� �D�� �G�H�S�R�V�L�W���� �������� �F�R�U�U�H�O�D�W�L�Q�J�� �D�V�K�� �D�Q�G�� �S�X�P�L�F�H�� �I�U�D�J�P�H�Q�W�V�� �X�V�L�Q�J��
�J�H�R�F�K�H�P�L�F�D�O�� �D�Q�D�O�\�V�L�V�� �Z�L�W�K�� �D�� �O�R�F�D�O�� �R�U�� �U�H�J�L�R�Q�D�O�� �G�H�S�R�V�L�W�� �W�K�D�W�� �K�D�V�� �E�H�H�Q�� �S�U�H�Y�L�R�X�V�O�\�� �G�D�W�H�G���� �D�Q�G�� ��������
�H�Y�D�O�X�D�W�L�Q�J���W�K�H���S�U�H�V�H�U�Y�H�G���P�D�J�Q�H�W�L�F���I�L�H�O�G���R�I���W�K�H���H�D�U�W�K���D�W���W�K�H���W�L�P�H���W�K�H���J�H�R�O�R�J�L�F���X�Q�L�W���Z�D�V���G�H�S�R�V�L�W�H�G��
���H���J�������S�D�O�H�R�P�D�J�Q�H�W�L�V�P��������
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������������ �5�D�G�L�R�F�D�U�E�R�Q���$�Q�D�O�\�V�L�V��

�5�D�G�L�R�F�D�U�E�R�Q���������&�����G�D�W�L�Q�J���L�V���R�Q�H���R�I���W�K�H���R�O�G�H�V�W���D�Q�G���E�H�V�W���X�Q�G�H�U�V�W�R�R�G���G�D�W�L�Q�J���W�H�F�K�Q�L�T�X�H�V�����K�D�Y�L�Q�J���E�H�H�Q��
�G�H�Y�H�O�R�S�H�G�� �E�\�� �/�L�E�E�\�� �D�Q�G�� �-�R�K�Q�V�R�Q�� �������������� �P�R�U�H�� �W�K�D�Q�� �D�� �K�D�O�I�� �F�H�Q�W�X�U�\�� �D�J�R���� �D�Q�G�� �F�D�Q�� �E�H�� �D�S�S�O�L�H�G�� �W�R��
�D�O�P�R�V�W�� �D�Q�\�� �G�H�F�H�D�V�H�G�� �P�D�W�H�U�L�D�O�� �W�K�D�W�� �F�R�Q�W�D�L�Q�H�G�� �R�U�J�D�Q�L�F�� �F�D�U�E�R�Q�� �D�V�� �S�D�U�W�� �R�I�� �L�W�V�� �R�U�L�J�L�Q�D�O�� �P�R�O�H�F�X�O�D�U��
�V�W�U�X�F�W�X�U�H�����,�Q���P�R�V�W���F�D�V�H�V���������&���G�D�W�L�Q�J���L�V���D�S�S�O�L�H�G���W�R���F�K�D�U�F�R�D�O���G�H�U�L�Y�H�G���I�U�R�P���E�X�U�Q�H�G���Y�H�J�H�W�D�W�L�R�Q�����D�Q�G��
�H�V�S�H�F�L�D�O�O�\�� �W�R�� �W�K�D�W�� �R�I�� �E�X�U�Q�H�G�� �W�U�H�H�V���� �,�V�R�W�R�S�L�F�� �F�D�U�E�R�Q�������� �������&���� �L�V�� �S�U�R�G�X�F�H�G�� �L�Q�� �W�K�H�� �D�W�P�R�V�S�K�H�U�H�� �E�\��
�V�S�D�O�O�D�W�L�R�Q�� �R�I�� �Q�L�W�U�R�J�H�Q�� �I�U�R�P�� �F�R�V�P�L�F���U�D�\�� �E�R�P�E�D�U�G�P�H�Q�W���� �9�H�J�H�W�D�W�L�R�Q�� �D�E�V�R�U�E�V�� �&�2���� �I�U�R�P�� �W�K�H��
�D�W�P�R�V�S�K�H�U�H���D�V���S�D�U�W���R�I���Q�R�U�P�D�O���D�V�S�L�U�D�W�L�R�Q���G�X�U�L�Q�J���S�K�R�W�R�V�\�Q�W�K�H�V�L�V�����W�K�X�V���U�H�F�R�U�G�L�Q�J���W�K�H�������&���F�R�Q�W�H�Q�W���R�I��
�W�K�H���D�W�P�R�V�S�K�H�U�H���D�W���W�K�D�W���W�L�P�H�����$�V���W�U�H�H�V���J�U�R�Z���D�Q�G���D�G�G���D�Q�Q�X�D�O���U�L�Q�J�V�����W�K�H���L�Q�W�H�U�L�R�U���W�U�H�H���U�L�Q�J�V���F�H�D�V�H���W�R��
�H�[�F�K�D�Q�J�H�� �J�D�V�H�V�� �Z�L�W�K�� �W�K�H�� �D�W�P�R�V�S�K�H�U�H���� �D�Q�G�� �W�K�X�V�� �S�U�H�V�H�U�Y�H�� �D�� �U�H�F�R�U�G�� �R�I�� �D�W�P�R�V�S�K�H�U�L�F�������&�� �F�R�Q�W�H�Q�W��
�G�X�U�L�Q�J���W�K�H�L�U���\�H�D�U���R�I���J�U�R�Z�W�K�����0�R�G�H�U�Q���O�D�E�R�U�D�W�R�U�\���D�Q�D�O�\�V�L�V���X�W�L�O�L�]�H�V���W�K�H���/�L�E�E�\���K�D�O�I���O�L�I�H���I�R�U�������&���R�I������������
�\�H�D�U�V�����U�D�W�K�H�U���W�K�D�Q���W�K�H���W�U�X�H���K�D�O�I���O�L�I�H���R�I�������������“���������\�H�D�U�V�������Z�K�L�F�K���\�L�H�O�G�V���D�Q���H�I�I�H�F�W�L�Y�H���G�D�W�L�Q�J���U�D�Q�J�H���R�I��
�D�E�R�X�W�������� �W�R�������� �N�D�� ���D�S�S�U�R�[���������W�R�������� �K�D�O�I���O�L�Y�H�V������ �$�V�� �D�� �U�D�G�L�R�F�D�U�E�R�Q�� �V�D�P�S�O�H�� �D�J�H�V���� �L�W�� �L�V�� �L�Q�F�U�H�D�V�L�Q�J�O�\��
�H�D�V�L�H�U���W�R���R�Y�H�U�Z�K�H�O�P���W�K�H���R�U�L�J�L�Q�D�O�������&���V�L�J�Q�D�O���W�K�U�R�X�J�K���F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����D�Q�G���D�V���G�L�V�F�X�V�V�H�G���E�H�O�R�Z�����L�W���L�V��
�S�R�V�V�L�E�O�H���W�R���R�E�W�D�L�Q���D���V�W�D�W�L�V�W�L�F�D�O�O�\���U�R�E�X�V�W���G�D�W�H�����L���H�����\�R�X�Q�J�H�U���W�K�D�Q���D�S�S�U�R�[�����������N�D�����I�R�U���D�Q���L�Q�H�U�W���Y�H�U�\���R�O�G��
�V�D�P�S�O�H���Z�K�L�F�K���K�D�V���E�H�H�Q���F�R�Q�W�D�P�L�Q�D�W�H�G������

�,�Q���W�K�L�V���V�W�X�G�\�����Z�H���V�X�E�P�L�W�W�H�G���������G�H�W�U�L�W�D�O���F�K�D�U�F�R�D�O���V�D�P�S�O�H�V���I�R�U���G�D�W�L�Q�J���R�I���W�K�H���������W�R�W�D�O���V�D�P�S�O�H�V���F�R�O�O�H�F�W�H�G��
���$�S�S�H�Q�G�L�[�� �&������ �'�H�W�U�L�W�D�O�� �F�K�D�U�F�R�D�O�� �Z�D�V�� �I�R�X�Q�G�� �R�Q�O�\�� �L�Q�� �W�K�H�� �Q�H�D�U���V�X�U�I�D�F�H�� �G�H�S�R�V�L�W�V�� ���F�R�O�O�X�Y�L�X�P���� �D�Q�G��
�\�R�X�Q�J�H�U���D�O�O�X�Y�L�D�O���D�Q�G���I�O�X�Y�L�D�O���V�H�G�L�P�H�Q�W�V�����,�Q�G�L�Y�L�G�X�D�O���F�K�X�Q�N�V���R�I���G�H�W�U�L�W�D�O���F�K�D�U�F�R�D�O���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H��
�G�L�I�I�H�U�H�Q�W���V�W�U�D�W�L�J�U�D�S�K�L�F���X�Q�L�W�V���H�[�S�R�V�H�G���L�Q���W�K�H���W�U�H�Q�F�K���Z�D�O�O�V�����W�K�H�Q���F�R�O�O�H�F�W�H�G���D�Q�G���Z�U�D�S�S�H�G���L�Q���D�O�X�P�L�Q�X�P��
���L�Q�H�U�W���� �I�R�L�O���� �7�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �Q�R�W�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �E�\�� �E�X�U�U�R�Z�L�Q�J���� �P�L�[�L�Q�J���� �D�Q�G���R�U�� �W�K�H��
�S�U�H�V�H�Q�F�H�� �R�I�� �E�X�U�Q�W�� �U�R�R�W�V���� �F�D�U�H�� �Z�D�V�� �W�D�N�H�Q�� �L�Q�� �V�H�O�H�F�W�L�Q�J�� �V�D�P�S�O�H�V�� �R�X�W�V�L�G�H�� �D�Q�G�� �D�Z�D�\�� �I�U�R�P�� �W�K�H�V�H��
�D�G�Y�H�U�V�H�� �F�R�Q�G�L�W�L�R�Q�V���� �'�H�W�U�L�W�D�O�� �F�K�D�U�F�R�D�O�� �V�D�P�S�O�H�V�� �F�R�Q�V�L�G�H�U�H�G�� �K�D�Y�L�Q�J�� �W�K�H�� �J�U�H�D�W�H�V�W�� �S�R�V�V�L�E�L�O�L�W�\�� �R�I��
�U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H���D�S�S�U�R�[�L�P�D�W�H���G�H�S�R�V�L�W���D�J�H���Z�H�U�H���W�U�D�Q�V�I�H�U�U�H�G���W�R���W�K�H���4�X�D�W�H�U�Q�D�U�\���/�D�E�R�U�D�W�R�U�\���D�W���6�D�Q��
�'�L�H�J�R�� �6�W�D�W�H�� �8�Q�L�Y�H�U�V�L�W�\�� ���6�'�6�8������ �8�Q�G�H�U�� �W�K�H�� �V�X�S�H�U�Y�L�V�L�R�Q�� �R�I�� �'�U���� �7�K�R�P�D�V�� �5�R�F�N�Z�H�O�O�� ���/�H�D�G��
�*�H�R�F�K�U�R�Q�R�O�R�J�L�V�W���I�R�U���W�K�L�V���S�U�R�M�H�F�W�����)�L�J�X�U�H���������������W�K�H���V�D�P�S�O�H�V���Z�H�U�H���Z�D�V�K�H�G���L�Q���G�H�L�R�Q�L�]�H�G���Z�D�W�H�U���W�K�U�R�X�J�K��
�D���������—���V�F�U�H�H�Q�����R�Y�H�Q���G�U�L�H�G�����D�Q�G���W�K�H�Q���S�L�F�N�H�G���X�Q�G�H�U���D���P�L�F�U�R�V�F�R�S�H���W�R���F�R�Q�F�H�Q�W�U�D�W�H���W�K�H���F�K�D�U�F�R�D�O���D�Q�G��
�U�H�P�R�Y�H���D�Q�\���I�R�U�H�L�J�Q���P�D�W�H�U�L�D�O�����V�X�F�K���D�V���I�L�Q�H���U�R�R�W�O�H�W�V�����W�K�D�W���P�D�\���F�R�Q�W�D�P�L�Q�D�W�H���W�K�H���V�D�P�S�O�H���G�X�U�L�Q�J���G�D�W�L�Q�J����
�7�K�H���F�R�Q�F�H�Q�W�U�D�W�H�G���F�K�D�U�F�R�D�O���V�D�P�S�O�H���Z�D�V���W�K�H�Q���Z�H�L�J�K�H�G���D�Q�G���S�O�D�F�H�G���L�Q���J�O�D�V�V���Y�L�D�O�V���I�R�U���V�K�L�S�P�H�Q�W���W�R��
�W�K�H���&�$�0�6���I�D�F�L�O�L�W�\���D�W���8�&���,�U�Y�L�Q�H������

�$�W�� �8�&�� �,�U�Y�L�Q�H���� �H�D�F�K�� �V�D�P�S�O�H�� �Z�D�V�� �S�U�H�W�U�H�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �D�F�L�G���D�O�N�D�O�L���D�F�L�G�� ���$�$�$���� �P�H�W�K�R�G�� �W�R��
�U�H�P�R�Y�H�� �D�O�O�� �V�H�F�R�Q�G�D�U�\�� �F�D�U�E�R�Q�D�W�H�V�� �D�Q�G�� �R�U�J�D�Q�L�F�� �D�F�L�G�V�� �W�K�D�W�� �P�D�\�� �K�D�Y�H�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �W�K�H�� �V�D�P�S�O�H�V��
�Z�K�L�O�H�� �L�Q�� �V�L�W�X�� �L�Q�� �W�K�H�� �V�H�G�L�P�H�Q�W�V�� �H�[�S�R�V�H�G�� �L�Q�� �W�K�H�� �W�U�H�Q�F�K�H�V���� �7�K�H�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �E�X�U�Q�H�G�� ���R�[�L�G�L�]�H�G������
�F�R�Q�Y�H�U�W�H�G���W�R���J�U�D�S�K�L�W�H�����D�Q�G���W�K�H���J�U�D�S�K�L�W�H���Z�D�V���S�D�F�N�H�G���L�Q�W�R���W�D�U�J�H�W�V���I�R�U���D�F�F�H�O�H�U�D�W�R�U���P�D�V�V���V�S�H�F�W�U�R�P�H�W�U�\��
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�P�R�G�H�O�V���D�U�H���V�X�P�P�D�U�L�]�H�G���K�H�U�H���L�Q���6�H�F�W�L�R�Q�������D�Q�G���W�K�H���I�X�O�O���P�R�G�H�O�V���D�U�H���V�K�R�Z�Q���L�Q���$�S�S�H�Q�G�L�[���+������
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6.0 ��S IT E-SPECIF IC ASSESSMENT  OF LAT E QUAT ERNARY F AULT  
ACT IV IT Y ON T HE PAJ A RIT O FAULT   

�7�K�L�V���V�H�F�W�L�R�Q���R�I���W�K�H���U�H�S�R�U�W���G�H�V�F�U�L�E�H�V���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���3�K�D�V�H�������S�D�O�H�R�V�H�L�V�P�L�F���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���D�W���6�L�W�H�V��
�$���� �%���� �D�Q�G�� �&�� ���)�L�J�X�U�H�� ������������ �$�V�� �V�X�P�P�D�U�L�]�H�G�� �L�Q�� �6�H�F�W�L�R�Q�V�� �������� �D�Q�G�� ���������� �W�K�H�� �3�)�6�� �3�7�6�3�� ���/�&�,���� ������������
�H�Y�D�O�X�D�W�H�G���������S�R�W�H�Q�W�L�D�O���V�L�W�H�V���D�O�R�Q�J���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����7�K�H���L�Q�W�H�Q�W���R�I���W�K�H���V�L�W�H���V�H�O�H�F�W�L�R�Q���Z�D�V���W�R���L�G�H�Q�W�L�I�\��
�V�L�W�H�V�� �O�R�F�D�W�H�G�� �R�Q�� �R�U�� �Q�H�D�U�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �Z�K�H�U�H�� �W�K�H�� �I�D�X�O�W�� �]�R�Q�H�� �Z�D�V�� �L�G�H�Q�W�L�I�L�H�G�� �W�R�� �E�H�� �U�H�O�D�W�L�Y�H�O�\��
�Q�D�U�U�R�Z�����D�Q�G���Z�K�H�U�H���X�Q�F�H�U�W�D�L�Q�W�L�H�V���R�Q���I�D�X�O�W���V�W�\�O�H���D�Q�G���R�U�L�J�L�Q���F�D�Q���E�H���U�H�G�X�F�H�G������

�2�Q�� �W�K�H���E�D�V�L�V�� �R�I�� �V�H�Y�H�U�D�O�� �V�L�W�H���V�H�O�H�F�W�L�R�Q�� �F�U�L�W�H�U�L�D�� ���L�Q�F�O�X�G�L�Q�J�� �O�R�J�L�V�W�L�F�D�O�� �D�Q�G���S�H�U�P�L�W�W�L�Q�J�� �F�K�D�O�O�H�Q�J�H�V���I�R�U��
�V�L�W�H�V�� �L�Q�� �%�D�Q�G�H�O�L�H�U�� �1�D�W�L�R�Q�D�O�� �0�R�Q�X�P�H�Q�W������ �W�K�H�� �3�7�6�3�� �7�H�D�P�� �V�H�O�H�F�W�H�G�� �6�L�W�H�V�� �$�� ���V�R�X�W�K�Z�H�V�W�H�U�Q�� �/�$�1�/��
�S�U�R�S�H�U�W�\���H�D�V�W���R�I���1�0���+�L�J�K�Z�D�\���������������%�����Q�H�D�U������ �������R�I���0�F�&�D�O�S�L�Q�������������������&�����Q�H�D�U�������������R�I���0�F�&�D�O�S�L�Q����
���������������D�Q�G���(���Q�R�U�W�K�����M�X�V�W���V�R�X�W�K���R�I���1�0���+�L�J�K�Z�D�\�������D�O�R�Q�J���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����D�V���W�K�H���P�R�V�W���I�D�Y�R�U�D�E�O�H��
�V�L�W�H�V�� �I�R�U�� �W�K�H�� �3�K�D�V�H�� ���� �S�D�O�H�R�V�H�L�V�P�L�F�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� ���)�L�J�X�U�H�� ������������ �6�L�W�H�� �$�� �Z�D�V�� �K�L�J�K�O�\�� �U�D�Q�N�H�G�� �E�\�� �W�K�H��
�3�7�6�3���W�H�D�P���E�H�F�D�X�V�H���R�I�������������D���Z�H�O�O���G�H�I�L�Q�H�G���V�F�D�U�S���D�W���W�K�H���V�L�W�H�������������V�X�L�W�D�E�O�H���V�W�U�D�W�L�J�U�D�S�K�\���I�R�U���U�H�F�R�U�G�L�Q�J��
�+�R�O�R�F�H�Q�H�� �H�Y�H�Q�W�V���� �D�Q�G�� �������� �V�L�W�H�� �D�F�F�H�V�V�L�E�L�O�L�W�\���� �6�L�W�H�� �%�� �Z�D�V�� �K�L�J�K�O�\�� �U�D�Q�N�H�G�� �E�H�F�D�X�V�H�� �R�I�� �S�D�V�W�� �I�D�X�O�W�L�Q�J��
�L�G�H�Q�W�L�I�L�H�G���D�W���W�K�H���V�L�W�H�����0�F�&�D�O�S�L�Q�������������������S�U�H�V�H�Q�F�H���R�I���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���+�R�O�R�F�H�Q�H���D�O�O�X�Y�L�D�O���D�Q�G���F�R�O�O�X�Y�L�D�O��
�V�W�U�D�W�L�J�U�D�S�K�\���� �D�Q�G�� �W�K�H�� �V�L�W�H�¶�V�� �H�D�V�\�� �D�F�F�H�V�V�� �Y�L�D�� �:�H�V�W�� �-�H�P�H�]�� �5�R�D�G���� �6�L�W�H�� �&�� ���6�L�W�H�� ������������ �Z�D�V�� �K�L�J�K�O�\��
�U�D�Q�N�H�G���E�H�F�D�X�V�H���R�I���S�D�V�W���H�Y�L�G�H�Q�F�H���R�I���O�D�W�H���4�X�D�W�H�U�Q�D�U�\���I�D�X�O�W�L�Q�J�����0�F�&�D�O�S�L�Q�������������������S�U�H�V�H�Q�F�H���R�I���W�K�L�F�N��
�4�X�D�W�H�U�Q�D�U�\�� �V�W�U�D�W�L�J�U�D�S�K�\�� �F�R�X�S�O�H�G�� �Z�L�W�K�� �W�K�L�Q�� �Y�H�J�H�W�D�W�L�R�Q�� �F�R�Y�H�U�� �D�O�O�R�Z�L�Q�J�� �I�R�U�� �E�H�W�W�H�U�� �J�H�R�P�R�U�S�K�L�F��
�D�V�V�H�V�V�P�H�Q�W���� �6�L�W�H�� �(���Q�R�U�W�K�� �Z�D�V�� �Q�R�W�� �S�X�U�V�H�G�� �L�Q�� �3�K�D�V�H�� ���� �W�U�H�Q�F�K�L�Q�J�� �G�X�H�� �W�R�� �G�H�Q�L�D�O�� �R�I�� �U�H�T�X�H�V�W�H�G��
�S�D�O�H�R�V�H�L�V�P�L�F���W�U�H�Q�F�K�L�Q�J���S�H�U�P�L�W�V���D�Q�G���D�F�F�H�V�V���E�\���%�D�Q�G�H�O�L�H�U���1�D�W�L�R�Q�D�O���0�R�Q�X�P�H�Q�W������

�7�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�V���D�U�H���R�U�J�D�Q�L�]�H�G���W�R���G�H�V�F�U�L�E�H���D�Q�G���G�L�V�F�X�V�V���W�K�H���3�K�D�V�H�������J�H�R�O�R�J�L�F���P�D�S�S�L�Q�J���I�L�U�V�W����
�I�R�O�O�R�Z�H�G�� �E�\�� �W�K�H�� �W�U�H�Q�F�K�L�Q�J�� �U�H�V�X�O�W�V�� ���V�W�U�D�W�L�J�U�D�S�K�\���� �V�W�U�X�F�W�X�U�H���� �D�Q�G�� �H�Y�H�Q�W�� �F�K�U�R�Q�R�O�R�J�\���� �I�R�U�� �H�D�F�K�� �V�L�W�H����
�%�H�F�D�X�V�H���R�I���W�K�H���F�O�R�V�H���S�U�R�[�L�P�L�W�\���R�I���6�L�W�H�V���$���D�Q�G���%�����W�K�H���J�H�R�O�R�J�L�F���P�D�S�S�L�Q�J���V�X�P�P�D�U�\���L�V���F�R�P�E�L�Q�H�G���I�R�U��
�E�R�W�K���V�L�W�H�V�����6�H�F�W�L�R�Q���������������D�Q�G���W�K�H�Q���I�R�O�O�R�Z�H�G���E�\���V�L�W�H���V�S�H�F�L�I�L�F���U�H�V�X�O�W�V�����6�L�W�H�V���$���D�Q�G���%���D�U�H���G�H�V�F�U�L�E�H�G���L�Q��
�6�H�F�W�L�R�Q�����������D�Q�G�������������U�H�V�S�H�F�W�L�Y�H�O�\�������6�L�W�H���&���U�H�V�X�O�W�V���D�U�H���G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q�������������J�H�R�O�R�J�L�F���P�D�S�S�L�Q�J��
�D�Q�G���W�U�H�Q�F�K���U�H�V�X�O�W�V������

���������6�2�8�7�+�(�5�1���6�,�7�(���$�5�(�$�����6�,�7�(�6���$���$�1�'���%������

�7�K�H���V�R�X�W�K�H�U�Q���V�L�W�H���D�U�H�D���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P���Q�R�U�W�K���R�I���W�K�H���L�Q�W�H�U�V�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���F�H�Q�W�U�D�O���D�Q�G��
�Q�R�U�W�K�H�U�Q�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �V�H�F�W�L�R�Q�V�� ���/�H�Z�L�V�� �H�W�� �D�O������ ������������ �Z�K�H�U�H�� �I�D�X�O�W�� �V�W�U�D�Q�G�V�� �F�R�D�O�H�V�F�H�� �L�Q�W�R�� �D�� �V�L�Q�J�O�H��
�P�D�S�S�H�G���I�D�X�O�W���W�U�D�F�H�����)�L�J�X�U�H�V�����������������������D�Q�G���������������,�Q���S�D�V�W���V�W�X�G�L�H�V�����0�F�&�D�O�S�L�Q�����������������D�Q�G���/�H�Z�L�V���H�W���D�O����
�������������� �V�K�R�Z�H�G�� �W�K�D�W�� �W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W�����I�R�U�P�V�� �D�Q�� �³�D�U�W�L�F�X�O�D�W�H�G�� �P�R�Q�R�F�O�L�Q�H�´�� �D�Q�G�� �D�� �U�H�O�D�W�L�Y�H�O�\�� �Q�D�U�U�R�Z��
�S�U�L�P�D�U�\���]�R�Q�H���R�I���Q�R�U�W�K���V�W�U�L�N�L�Q�J���I�D�X�O�W�V���W�K�D�W���D�U�H���F�R�L�Q�F�L�G�H�Q�W���Z�L�W�K���W�K�H���S�U�R�P�L�Q�H�Q�W���H�D�V�W���I�D�F�L�Q�J���W�R�S�R�J�U�D�S�K�L�F��
�H�V�F�D�U�S�P�H�Q�W���� �� �&�U�R�V�V�� �V�H�F�W�L�R�Q�� �$���$�¶�� ���)�L�J�X�U�H�� ���������� �P�R�G�L�I�L�H�G�� �I�U�R�P�� �/�H�Z�L�V�� �H�W�� �D�O������ ������������ �W�K�U�R�X�J�K�� �W�K�H��
�V�R�X�W�K�H�U�Q���V�L�W�H���D�U�H�D���V�K�R�Z�V���W�K�D�W���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����F�R�Q�V�L�V�W�V���R�I���D�����������P���Z�L�G�H���I�D�X�O�W���]�R�Q�H���W�K�D�W���L�Q�F�O�X�G�H�V��
�W�K�U�H�H���S�U�L�P�D�U�\���V�W�U�X�F�W�X�U�D�O���H�O�H�P�H�Q�W�V���������������D�Q���H�D�V�W���V�L�G�H���G�R�Z�Q���P�R�Q�R�F�O�L�Q�H���Z�L�W�K���F�U�H�V�W�D�O���W�H�Q�V�L�R�Q���I�H�D�W�X�U�H�V��
�D�O�R�Q�J���W�K�H���X�S�S�H�U���P�R�Q�R�F�O�L�Q�D�O���K�L�Q�J�H�����0�F�&�D�O�S�L�Q���������������������������D���I�D�X�O�W�H�G���O�R�Z�H�U���K�L�Q�J�H���Z�L�W�K���R�Y�H�U���������P���R�I��
�H�D�V�W���V�L�G�H���G�R�Z�Q���G�L�V�S�O�D�F�H�P�H�Q�W���G�L�V�W�U�L�E�X�W�H�G���D�F�U�R�V�V���P�X�O�W�L�S�O�H���I�D�X�O�W���V�W�U�D�Q�G�V�����/�H�Z�L�V���H�W���D�O���������������������D�Q�G����������
�D���Q�R�U�W�K���V�W�U�L�N�L�Q�J���Z�H�V�W���V�L�G�H���G�R�Z�Q���V�\�V�W�H�P���R�I���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W�V���L�Q���W�K�H���K�D�Q�J�L�Q�J���Z�D�O�O���R�I���W�K�H���S�U�L�P�D�U�\���I�D�X�O�W��
�]�R�Q�H�������$�O�R�Q�J���W�K�L�V���V�H�F�W�L�R�Q�����W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���G�L�V�S�O�D�F�H�V���W�K�H���4�E�W�����4�E�W�����E�D�V�D�O���F�R�Q�W�D�F�W���R�I���W�K�H���%�D�Q�G�H�O�L�H�U��
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�7�X�I�I���R�Q���W�K�H���Z�H�V�W�����Z�L�W�K���R�Y�H�U�����������P���G�R�Z�Q���W�R���W�K�H���H�D�V�W���V�H�S�D�U�D�W�L�R�Q�����)�L�J�X�U�H�V�����������D�Q�G���������������'�H�I�R�U�P�D�W�L�R�Q��
�D�F�U�R�V�V���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���L�Q���W�K�L�V���D�U�H�D���L�V���E�H�O�L�H�Y�H�G���W�R���R�F�F�X�U���D�V���E�R�W�K���G�L�V�F�U�H�W�H���E�U�L�W�W�O�H���U�X�S�W�X�U�H���D�W���G�H�S�W�K��
�D�F�F�R�P�S�D�Q�L�H�G�� �E�\�� �P�R�Q�R�F�O�L�Q�D�O�� �Z�D�U�S�L�Q�J�� �R�I�� �O�D�U�J�H�� �G�H�W�D�F�K�H�G�� �E�H�G�U�R�F�N�� �E�O�R�F�N�V�� �D�W�� �R�U�� �Q�H�D�U�� �W�K�H�� �J�U�R�X�Q�G��
�V�X�U�I�D�F�H�����0�F�&�D�O�S�L�Q�����������������/�H�Z�L�V���H�W���D�O�������������������D�Q�G���P�L�Q�R�U���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J������

�4�X�D�W�H�U�Q�D�U�\�� �G�H�S�R�V�L�W�L�R�Q�� �L�Q�� �W�K�H�� �V�R�X�W�K�H�U�Q�� �V�L�W�H�� �D�U�H�D�� �L�Q�F�O�X�G�H�V�� �D�� �U�D�Q�J�H�� �R�I�� �G�H�S�R�V�L�W�V�� �I�U�R�P�� �H�D�U�O�\��
�4�X�D�W�H�U�Q�D�U�\���D�O�O�X�Y�L�X�P���W�R���P�L�G���3�O�H�L�V�W�R�F�H�Q�H���W�R���+�R�O�R�F�H�Q�H���D�O�O�X�Y�L�D�O���I�D�Q���D�Q�G���F�R�O�O�X�Y�L�D�O���G�H�S�R�V�L�W�V�����)�L�J�X�U�H������
�������Z�L�W�K���W�K�H���I�X�O�O���N�H�\���L�Q���)�L�J�X�U�H���������������7�K�H���R�O�G�H�V�W���S�R�V�W���%�D�Q�G�H�O�L�H�U���G�H�S�R�V�L�W�V�����8�Q�L�W���4�D�R�����F�R�Y�H�U���W�K�H���P�H�V�D��
�D�O�R�Q�J�� �:�D�W�H�U�� �&�D�Q�\�R�Q���� �Z�K�L�F�K�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�V�H�� �J�U�D�Y�H�O�V�� �Z�H�U�H�� �O�L�N�H�O�\�� �G�H�S�R�V�L�W�H�G�� �V�R�R�Q�� �D�I�W�H�U�� �W�K�H��
�H�U�X�S�W�L�R�Q���R�I���W�K�H���%�D�Q�G�H�O�L�H�U���7�X�I�I���D�Q�G���E�H�I�R�U�H���W�K�H���L�Q�F�L�V�L�R�Q���R�I���W�K�H���F�D�Q�\�R�Q�����5�H�Q�H�D�X���H�W���D�O�������������������.�R�Q�L�Q�J��
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���4�H�F�����L�V���P�D�S�S�H�G���W�K�U�R�X�J�K�R�X�W���W�K�H���V�L�W�H���D�U�H�D���D�Q�G���U�H�S�U�H�V�H�Q�W�V���D���N�H�\���W�L�P�H���V�W�U�D�W�L�J�U�D�S�K�L�F���P�D�U�N�H�U���D�W���D�E�R�X�W��
�������N�D�����)�L�J�X�U�H�V�����������D�Q�G���������������7�K�H���3�K�D�V�H�������P�D�S�S�L�Q�J���L�V���R�U�J�D�Q�L�]�H�G���K�H�U�H�L�Q���W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H���E�H�W�Z�H�H�Q��
�S�U�H�����D�Q�G���S�R�V�W���(�O���&�D�M�H�W�H���G�H�S�R�V�L�W�V�����)�L�J�X�U�H�����������������6�H�H���$�S�S�H�Q�G�L�[���$���I�R�U���D���P�R�U�H���F�R�P�S�O�H�W�H���G�H�V�F�U�L�S�W�L�R�Q��
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�V�H�F�W�L�R�Q���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�������D�Q�G���L�V���E�R�U�G�H�U�H�G���R�Q���W�K�H���V�R�X�W�K���E�\���:�D�W�H�U���&�D�Q�\�R�Q�����R�Q���W�K�H���Z�H�V�W���E�\���6�W�D�W�H��
�5�R�D�G�������������D�Q�G���R�Q���W�K�H���Q�R�U�W�K���E�\���$�Q�F�K�R�U���5�D�Q�F�K���5�R�D�G�����)�L�J�X�U�H�V�����������D�Q�G���������������6�L�W�H���$���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G��
�E�\���3�O�H�L�V�W�R�F�H�Q�H���D�J�H�G���D�O�O�X�Y�L�X�P�����8�Q�L�W���4�D�R���R�Q���)�L�J�X�U�H�V�����������D�Q�G�������������D�Q�G���%�D�Q�G�H�O�L�H�U���7�X�I�I�����X�Q�L�W���4�E�W���S�Z�W��
�R�Q�� �)�L�J�X�U�H�V�� �������� �D�Q�G�� ���������� �D�F�U�R�V�V�� �D�� �Q�R�U�W�K���V�W�U�L�N�L�Q�J���� �Z�H�V�W���G�L�S�S�L�Q�J�� �D�Q�W�L�W�K�H�W�L�F�� �I�D�X�O�W�� �V�W�U�D�Q�G���� �7�K�H�� �Z�H�V�W��
�I�D�F�L�Q�J���V�F�D�U�S���L�V�������W�R�������P���K�L�J�K���D�Q�G�����E�D�V�H�G���R�Q���J�H�R�O�R�J�L�F���P�D�S�S�L�Q�J���R�Q���W�K�H���Q�R�U�W�K���U�L�P���R�I���:�D�W�H�U���&�D�Q�\�R�Q����
�W�K�H���I�D�X�O�W���G�L�V�S�O�D�F�H�V���4�D�R���D�Q�G���4�E�W���S�Z�W���D�E�R�X�W�������P���G�R�Z�Q���W�R���W�K�H���Z�H�V�W�����)�L�J�X�U�H���������������3�K�R�W�R�V���L�Q���.�R�Q�L�Q�J��
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�R�I���P�X�O�W�L�S�O�H���K�D�Q�G���D�X�J�X�U�H�G���E�R�U�H�K�R�O�H�V�����D�Q�G���H�[�F�D�Y�D�W�L�R�Q���R�I���W�Z�R���W�U�H�Q�F�K�H�V���D�F�U�R�V�V���D�Q���D�Q�W�L�W�K�H�W�L�F���V�W�U�D�Q�G��
�R�I���W�K�H���3�)�����)�L�J�X�U�H���������������7�K�H���W�U�H�Q�F�K���V�L�W�H���Z�D�V���V�H�O�H�F�W�H�G���G�X�H���W�R���L�W�V���U�H�O�D�W�L�Y�H�O�\���H�D�V�\���D�F�F�H�V�V���I�U�R�P���$�Q�F�K�R�U��
�5�D�Q�F�K���5�R�D�G�����O�D�Q�G���D�F�F�H�V�V���D�Q�G���S�H�U�P�L�W�W�L�Q�J���D�S�S�U�R�Y�D�O�����D���Z�H�O�O���S�U�H�V�H�U�Y�H�G���I�D�X�O�W���V�F�D�U�S�����D�Q�G���S�U�H�V�H�U�Y�H�G��
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�W�U�H�Q�F�K�H�V�� ���$�7������ �D�Q�G�� �$�7���������� �Z�K�L�F�K�� �U�D�Q�J�H�G�� �L�Q�� �O�H�Q�J�W�K���I�U�R�P�� �������W�R�������� �P���D�Q�G�� �Z�H�U�H���D�V���G�H�H�S�� �D�V������ �P����
�Z�H�U�H���H�[�F�D�Y�D�W�H�G���L�Q���2�F�W�R�E�H�U�������������D�F�U�R�V�V���W�K�H���V�F�D�U�S���P�D�S�S�H�G���W�K�U�R�X�J�K���W�K�H���V�L�W�H����
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�V�K�R�Z�Q���R�Q���)�L�J�X�U�H����������������

������ �%�D�Q�G�H�O�L�H�U���7�X�I�I�����4�E�W�������7�K�H���7�V�K�L�U�H�J�H���P�H�P�E�H�U���R�I���W�K�H���%�D�Q�G�H�O�L�H�U���7�X�I�I���L�V���G�L�Y�L�G�H�G���L�Q�W�R���V�H�Y�H�U�D�O��
�V�X�E�X�Q�L�W�V���D�O�R�Q�J���:�D�W�H�U���&�D�Q�\�R�Q�����L�Q�F�O�X�G�L�Q�J�����4�E�W���W�����4�E�W�������D�Q�G���4�E�W���S�Z�W�����*�D�U�G�Q�H�U���H�W���D�O������������������
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�$�����,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���G�L�D�J�Q�R�V�W�L�F���U�H�G�G�L�V�K���F�R�O�R�U���D�Q�G���G�H�Y�L�W�U�L�I�L�H�G���S�X�P�L�F�H���O�D�S�L�O�O�L���R�I���4�E�W���S�Z�W���Z�H�U�H��
�X�V�H�G�� �W�R�� �L�G�H�Q�W�L�I�\�� �W�K�L�V�� �N�H�\�� �P�D�U�N�H�U�� �E�H�G�� �D�O�R�Q�J�� �Z�L�W�K�� �D�J�J�O�R�P�H�U�D�W�H�V�� �R�I�� �T�X�D�U�W�]�� �D�Q�G�� �I�H�O�G�V�S�D�U��
�F�U�\�V�W�D�O�V�����7�K�L�V���G�H�V�F�U�L�S�W�L�R�Q���D�Q�G���V�W�U�D�W�L�J�U�D�S�K�L�F���S�R�V�L�W�L�R�Q���P�D�W�F�K�H�V���8�Q�L�W���4�E�W���X���Q�S�Z�����R�I���*�D�U�G�Q�H�U��
�H�W���D�O�������������������D�Q�G���/�H�Z�L�V���H�W���D�O���������������������Z�K�L�F�K���L�V���W�K�H���V�W�U�D�W�L�J�U�D�S�K�L�F���H�T�X�L�Y�D�O�H�Q�W���R�I���4�E�W���S�Z�W���R�I��
�.�R�Q�L�Q�J���D�Q�G���.�H�O�O�H�\�������������������(�[�F�H�S�W���I�R�U���W�K�L�V���H�[�D�P�S�O�H���Z�L�W�K�L�Q���8�Q�L�W���������.�R�Q�L�Q�J���D�Q�G���.�H�O�O�H�\����������������
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�V�R�U�W�H�G���S�H�E�E�O�H�V���W�R���E�R�X�O�G�H�U�V���F�R�P�S�R�V�H�G���S�U�H�G�R�P�L�Q�D�Q�W�O�\���R�I���7�V�F�K�L�F�R�P�D���)�R�U�P�D�W�L�R�Q���G�D�F�L�W�H���Z�L�W�K��
�U�D�U�H���Z�H�O�G�H�G���%�D�Q�G�H�O�L�H�U���7�X�I�I���F�O�D�V�W�V�����4�D�R���L�V���W�K�H���R�O�G�H�V�W���D�O�O�X�Y�L�D�O���X�Q�L�W���L�Q���W�K�H���P�D�S���D�U�H�D�����L�W���S�R�V�W��
�G�D�W�H�V�� �G�H�S�R�V�L�W�L�R�Q�� �R�I�� �W�K�H�� �%�D�Q�G�H�O�L�H�U�� �7�X�I�I�� �D�Q�G�� �S�U�H�G�D�W�H�V�� �W�K�H�� �L�Q�F�L�V�L�R�Q�� �D�Q�G�� �H�U�R�V�L�R�Q�� �R�I�� �:�D�W�H�U��
�&�D�Q�\�R�Q�����*�D�U�G�Q�H�U���H�W���D�O�������������������/�H�Z�L�V���H�W���D�O����������������������

3.�� �+�R�O�R�F�H�Q�H���&�R�O�O�X�Y�L�D�O���D�Q�G���D�O�O�X�Y�L�D�O���G�H�S�R�V�L�W�V�����%�D�Q�G�H�O�L�H�U���7�X�I�I���D�Q�G���R�O�G�H�U���D�O�O�X�Y�L�X�P���L�V���P�D�Q�W�O�H�G��
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���)�U�H�V�K�� �E�D�Q�G��
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�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H�����3�D�M�D�U�L�W�R���I�D�X�O�W���D�W���W�K�L�V���O�D�W�L�W�X�G�H�����7�K�H���W�Z�R���Q�H�Z���W�U�H�Q�F�K�H�V�����Z�K�L�F�K���U�D�Q�J�H�G���L�Q���O�H�Q�J�W�K��
�I�U�R�P�� ������ �W�R�� ������ �P�� �D�Q�G�� �W�R�� �D�V�� �G�H�H�S�� �D�V�� ���������� �P���� �Z�H�U�H�� �H�[�F�D�Y�D�W�H�G�� �L�Q�� �$�X�J�X�V�W�� ���������� �D�F�U�R�V�V�� �P�X�O�W�L�S�O�H����
�S�U�H�Y�L�R�X�V�O�\���P�D�S�S�H�G���I�D�X�O�W���V�W�U�D�Q�G�V���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�������%�R�W�K���W�U�H�Q�F�K�H�V���R�Y�H�U�O�D�S�S�H�G���W�U�H�Q�F�K�������������D�Q�G��
�S�U�H�Y�L�R�X�V�O�\���P�D�S�S�H�G���+�R�O�R�F�H�Q�H���I�D�X�O�W�L�Q�J�����0�F�&�D�O�S�L�Q���������������������/�D�V�W�O�\�����W�K�H���H�D�V�W���H�Q�G���R�I���W�U�H�Q�F�K���%�7�������Z�D�V��
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�/�H�Z�L�V���H�W���D�O�������������������W�K�U�R�X�J�K���W�K�H���6�L�W�H���%���D�U�H�D���V�K�R�Z�V���W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���D�V���D�����������P���Z�L�G�H���I�D�X�O�W���]�R�Q�H��
�W�K�D�W�� �L�Q�F�O�X�G�H�V�� �W�K�U�H�H�� �S�U�L�P�D�U�\�� �V�W�U�X�F�W�X�U�D�O�� �H�O�H�P�H�Q�W�V���� ������ �D�Q�� �H�D�V�W���V�L�G�H���G�R�Z�Q�� �P�R�Q�R�F�O�L�Q�H�� �Z�L�W�K�� �F�U�H�V�W�D�O��
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�D�V�� �I�D�X�O�W�H�G���� �� �7�U�H�Q�F�K�H�V�� �D�W�� �6�L�W�H�� �&�� �V�X�S�S�R�U�W�� �D�Q�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �R�I�� �D�� �E�U�R�D�G�� �]�R�Q�H�� �R�I�� �I�D�X�O�W�L�Q�J�� �D�O�R�Q�J�� �W�K�H��
�Z�H�V�W�H�U�Q���V�W�U�D�Q�G���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����Z�L�W�K���W�K�H���P�R�V�W���U�H�F�H�Q�W�����Q�H�D�U���V�X�U�I�D�F�H���G�H�I�R�U�P�D�W�L�R�Q���S�U�H�V�H�Q�W���D�W���W�K�H��
�Z�H�V�W�H�U�Q���H�Q�G���R�I���W�K�H���W�U�H�Q�F�K�H�V�����)�L�J�X�U�H�V�����������������������D�����D�Q�G�����������D�����3�O�D�W�H�V��������������������
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������������ �6�L�W�H���&�����1�X�P�E�H�U���D�Q�G���7�L�P�L�Q�J���R�I���6�X�U�I�D�F�H���5�X�S�W�X�U�H�V��

�7�U�H�Q�F�K�H�V���&�7�������D�Q�G���&�7�������S�U�R�Y�L�G�H���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O���H�Y�L�G�H�Q�F�H���I�R�U���I�L�Y�H���R�U���V�L�[���H�Y�H�Q�W�V���Z�K�H�Q��
�F�R�Q�V�L�G�H�U�L�Q�J�� �D�� �F�R�P�E�L�Q�H�G�� �F�K�U�R�Q�R�O�R�J�\�� �D�F�U�R�V�V�� �D�O�O�� �W�K�H�� �I�D�X�O�W�� �W�U�D�F�H�V�� �L�Q�� �E�R�W�K�� �W�U�H�Q�F�K�H�V�� ���)�L�J�X�U�H�� �� ����������������
�(�Y�L�G�H�Q�F�H���I�R�U���F�R�V�H�L�V�P�L�F���V�X�U�I�D�F�H���U�X�S�W�X�U�H���L�Q�F�O�X�G�H�V���X�S�Z�D�U�G���I�D�X�O�W���W�H�U�P�L�Q�D�W�L�R�Q�V�����I�R�U�P�D�W�L�R�Q���R�I���F�R�O�O�X�Y�L�D�O��
�Z�H�G�J�H�V���D�Q�G���I�L�V�V�X�U�H���I�L�O�O�V�����D���F�K�D�Q�J�H���L�Q���D�S�S�D�U�H�Q�W���Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W�V���X�S���V�H�F�W�L�R�Q���D�F�U�R�V�V���I�D�X�O�W�V�����D�V��
�Z�H�O�O���D�V���W�K�H���S�U�H�V�H�Q�F�H���R�U���D�E�V�H�Q�F�H���R�I���E�X�U�L�H�G���V�R�L�O�V���D�F�U�R�V�V���I�D�X�O�W�V�������(�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H��
�W�U�H�Q�F�K�H�V���D�U�H���O�L�V�W�H�G���L�Q���7�D�E�O�H�������������D�Q�G���H�Y�H�Q�W�V���W�K�D�W���S�R�V�W���G�D�W�H���(�O���&�D�M�H�W�H�����������N�D�����Z�H�U�H���T�X�D�O�L�W�D�W�L�Y�H�O�\��
�U�D�Q�N�H�G������

�,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�����Z�H���G�L�V�F�X�V�V���W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���H�Y�H�Q�W���V�W�U�D�W�L�J�U�D�S�K�\���E�H�W�Z�H�H�Q���W�U�H�Q�F�K�H�V��������
�(�Y�L�G�H�Q�F�H���I�R�U���W�K�H���0�5�(���D�W���6�L�W�H���&���Z�D�V���H�Q�F�R�X�Q�W�H�U�H�G���L�Q���W�U�H�Q�F�K���&�7���������E�X�W���Q�R�W���L�Q���W�U�H�Q�F�K���&�7���������7�K�X�V����
�W�U�H�Q�F�K�� �&�7������ �L�V�� �G�H�V�F�U�L�E�H�G�� �I�L�U�V�W�� �L�Q�� �W�K�H�� �G�L�V�F�X�V�V�L�R�Q�� �E�H�O�R�Z���� �Z�K�L�F�K�� �L�V�� �I�R�O�O�R�Z�H�G�� �E�\�� �D�� �&�7������ �H�Y�H�Q�W��
�F�K�U�R�Q�R�O�R�J�\���V�X�P�P�D�U�\������

���7�U�H�Q�F�K���&�7�������(�Y�H�Q�W���&�K�U�R�Q�R�O�R�J�\��

�7�U�H�Q�F�K�� �&�7������ �S�U�R�Y�L�G�H�V�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �D�Q�G�� �V�W�U�X�F�W�X�U�D�O�� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �I�L�Y�H�� �H�Y�H�Q�W�V�� �Z�L�W�K�L�Q�� �W�K�H�� �O�D�W�H��
�4�X�D�W�H�U�Q�D�U�\�����Z�K�L�F�K���L�Q�F�O�X�G�H�V���R�Q�H���S�U�H���(�O���&�D�M�H�W�H���H�Y�H�Q�W���D�Q�G���I�R�X�U���S�R�V�W���(�O���&�D�M�H�W�H���H�Y�H�Q�W�V�����)�L�J�X�U�H�V������
�����������������D�����D�Q�G�������������������,�Q���W�K�H���V�H�F�W�L�R�Q���E�H�O�R�Z�����W�K�H���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V���D�U�H���X�V�H�G��
�W�R���L�Q�W�H�U�S�U�H�W���D�O�O���V�X�U�I�D�F�H���U�X�S�W�X�U�H�V���I�R�U���Z�K�L�F�K���W�K�H�U�H���L�V���H�Y�L�G�H�Q�F�H���D�W���6�L�W�H���&�������7�K�H���H�Y�H�Q�W���V�W�U�D�W�L�J�U�D�S�K�\���L�V��
�G�L�V�F�X�V�V�H�G���I�U�R�P���\�R�X�Q�J�H�V�W�����(�� �����W�R���R�O�G�H�V�W�����(�� ������������

�� �(�Y�H�Q�W���������0�5�(�����L�Q���7�U�H�Q�F�K���&�7������
Preferred Interpretation: �� �(�Y�L�G�H�Q�F�H�� �I�R�U�� �W�K�H�� �\�R�X�Q�J�H�V�W�� �H�Y�H�Q�W�� ���0�5�(�� �R�U�� �(�Y�H�Q�W���(�� ���� �L�Q�W�H�U�S�U�H�W�H�G�� �L�Q��
�W�U�H�Q�F�K���&�7�������L�V���S�U�H�V�H�Q�W���D�O�R�Q�J���W�K�H���Z�H�V�W�H�U�Q���I�D�X�O�W���]�R�Q�H���E�H�W�Z�H�H�Q���V�W�D�W�L�R�Q�V�����������D�Q�G�������P���R�Q���E�R�W�K���W�U�H�Q�F�K��
�Z�D�O�O�V�� ���)�L�J�X�U�H�V�� ������������ �������� �D���� �D�Q�G�� ������������ �3�O�D�W�H�V�� ������ �D�Q�G�� ���������� �� �7�K�H�� �V�R�X�W�K�� �Z�D�O�O�� �H�[�S�R�V�H�G�� �W�K�H�� �E�H�V�W��
�H�Y�L�G�H�Q�F�H�� �I�R�U�� �(�Y�H�Q�W���(�� �� �Z�K�H�U�H�� �L�W�� �L�V�� �U�H�S�U�H�V�H�Q�W�H�G�� �E�\�� �F�O�H�D�U�� �E�D�V�D�O�� �R�I�I�V�H�W�V�� ���9�R���� �R�I�� �8�Q�L�W�� �������� �D�Q�G�� �W�K�H��
�X�Q�G�H�U�O�\�L�Q�J���8�Q�L�W�����������D�F�U�R�V�V���W�K�U�H�H���V�H�S�D�U�D�W�H���I�D�X�O�W���V�W�U�D�Q�G�V���W�K�D�W���F�R�P�S�U�L�V�H���W�K�H���S�U�L�P�D�U�\���Z�H�V�W�H�U�Q���I�D�X�O�W��
�]�R�Q�H�� �L�Q���W�U�H�Q�F�K�� �&�7������ ���)�L�J�X�U�H�����������D�����3�O�D�W�H�� ������������ �2�Q���W�K�H�� �V�R�X�W�K�� �Z�D�O�O���� �L�Q�G�L�Y�L�G�X�D�O�� �R�I�I�V�H�W�V�� �R�I�� �8�Q�L�W����������
�U�D�Q�J�H���I�U�R�P�������W�R���������F�P���Z�L�W�K���W�K�H���W�R�W�D�O���Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W���D�F�U�R�V�V���W�K�H���I�D�X�O�W���]�R�Q�H���U�D�Q�J�L�Q�J���I�U�R�P���D�E�R�X�W��
�����������W�R�����������P�����)�L�J�X�U�H�����������D�����3�O�D�W�H�������������)�L�J�X�U�H�������������L�O�O�X�V�W�U�D�W�H�V���D���V�L�P�S�O�H���U�H�F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���E�D�V�H��
�R�I�� �8�Q�L�W�� ���������� �Z�K�H�U�H�� �W�R�W�D�O�� �V�O�L�S�� �L�V�� �P�X�F�K�� �D�V�� �����������������P��� � � � �7�K�H�� �I�D�X�O�W�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�L�V�� �H�Y�H�Q�W�� �D�U�H��
�H�[�S�U�H�V�V�H�G���L�Q���W�K�H���V�W�U�D�W�L�J�U�D�S�K�\���D�V���6�)�����$�&�����D�Q�G���R�S�H�Q���Y�R�L�G�V�����7�D�E�O�H�������������������)�R�U���H�[�D�P�S�O�H�����I�D�X�O�W���]�R�Q�H��
�P�D�W�H�U�L�D�O���H�[�S�U�H�V�V�L�Q�J���V�K�H�D�U���I�D�E�U�L�F���L�V���M�X�[�W�D�S�R�V�H�G���D�J�D�L�Q�V�W���8�Q�L�W�V�����������D�Q�G�����������D�W���V�W�D�W�L�R�Q�������P�����)�L�J�X�U�H��
���������D�����3�O�D�W�H���������������8�Q�L�W�����������L�V���L�Q�W�H�U�S�U�H�W�H�G���D�V���D���P�L�[�H�G���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H���F�R�P�S�R�V�H�G���R�I���8�Q�L�W�V�����������D�Q�G��
���������W�K�D�W���Z�D�V���S�U�R�G�X�F�H�G���E�\���F�R�O�O�D�S�V�H���R�I���W�K�H���V�F�D�U�S���I�U�R�P���W�K�H���0�5�(�������2�Q���W�K�H���Q�R�U�W�K���Z�D�O�O�����H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V��
�I�R�U���W�K�H���0�5�(���L�Q�F�O�X�G�H���V�K�H�D�U���I�D�E�U�L�F�����6�I�����D�O�R�Q�J���I�D�X�O�W�V�����W�K�D�W���Y�H�U�W�L�F�D�O�O�\���R�I�I�V�H�W�����9�R�����W�K�H���E�D�V�H���R�I���8�Q�L�W����������
�Q�H�D�U���V�W�D�W�L�R�Q�V�����������D�Q�G�����������P�����D�Q�G���D�U�H���O�H�V�V���Z�H�O�O���H�[�S�U�H�V�V�H�G���Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���W�K�H���V�R�X�W�K���Z�D�O�O�����)�L�J�X�U�H��
���������D�����7�D�E�O�H���������������3�O�D�W�H���������������7�K�L�V���D�S�S�D�U�H�Q�W���G�L�I�I�H�U�H�Q�F�H���P�D�\���E�H���G�X�H���W�R���W�K�H���G�L�V�W�X�U�E�D�Q�F�H���I�U�R�P���D���U�R�R�W��
�E�D�O�O�� �I�U�R�P�� �D�� �I�R�U�P�H�U�� �W�U�H�H���� �D�Q�G�� �H�[�F�D�Y�D�W�L�R�Q�� �W�R�R�O�� �P�D�U�N�V�� �P�D�G�H�� �E�\�� �W�K�H�� �H�[�F�D�Y�D�W�R�U���� �� �'�H�V�S�L�W�H�� �W�K�H�V�H��
�F�R�P�S�O�L�F�D�W�L�R�Q�V���R�Q���W�K�H���Q�R�U�W�K���Z�D�O�O�����W�K�H���E�D�V�H���R�I���8�Q�L�W�����������L�V���Y�H�U�W�L�F�D�O�O�\���G�L�V�S�O�D�F�H�G���D�E�R�X�W���������������F�P���D�F�U�R�V�V��
�W�Z�R���I�D�X�O�W���V�W�U�D�Q�G�V�����H�D�F�K���R�I���Z�K�L�F�K���H�[�K�L�E�L�W���E�H�W�Z�H�H�Q�������W�R���������F�P���R�I���Y�H�U�W�L�F�D�O���G�L�V�S�O�D�F�H�P�H�Q�W�����)�L�J�X�U�H�V������
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�����D���D�Q�G�����������D���������7�K�H�V�H���I�D�X�O�W���V�W�U�D�Q�G�V���F�R�L�Q�F�L�G�H���Z�L�W�K���D���P�R�G�H�U�D�W�H�O�\���G�H�Y�H�O�R�S�H�G���V�K�H�D�U���I�D�E�U�L�F�����S�U�R�Y�L�G�L�Q�J��
�I�X�U�W�K�H�U���V�X�S�S�R�U�W���I�R�U���D���I�D�X�O�W���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����7�D�E�O�H������������������

Alternative Interpretation: �$�Q�� �D�O�W�H�U�Q�D�W�L�Y�H�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �F�R�Q�V�L�G�H�U�H�G���I�R�U�� �W�K�H�� �V�R�X�W�K�� �Z�D�O�O�� �R�I�� �&�7��������
�L�Q�F�O�X�G�H�V���D�Q���H�Y�H�Q�W���W�K�D�W���S�R�V�W���G�D�W�H�V���G�L�V�S�O�D�F�H�P�H�Q�W���R�I���8�Q�L�W�����������D�O�R�Q�J���W�K�H���Z�H�V�W�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H���V�K�H�D�U��
�]�R�Q�H�� ���)�L�J�X�U�H�� ���������D���� �3�O�D�W�H�V�� ������ �D�Q�G�� ���������� �� �7�K�L�V�� �V�H�F�R�Q�G�� �D�Q�G�� �O�D�W�H�U�� �H�Y�H�Q�W�� �F�R�X�O�G�� �E�H�� �L�Q�W�H�U�S�U�H�W�H�G�� �W�R��
�G�L�V�S�O�D�F�H�� �8�Q�L�W�� �������� �D�O�R�Q�J�� �W�K�H�� �Z�H�V�W�H�U�Q�� �P�D�U�J�L�Q�� �R�I�� �W�K�H�� �S�U�R�P�L�Q�H�Q�W�� �H�D�V�W���G�L�S�S�L�Q�J�� �V�K�H�D�U�� �]�R�Q�H�� �D�Q�G�� �L�V��
�U�D�Q�N�H�G���D�V���X�Q�O�L�N�H�O�\�����E�H�F�D�X�V�H�����������L�W���L�V���P�R�U�H���S�U�R�E�D�E�O�H���W�K�D�W���V�K�H�D�U���I�D�E�U�L�F���S�U�H�V�H�Q�W���E�H�W�Z�H�H�Q���8�Q�L�W�V����������
�D�Q�G�� �)�=�� ���I�D�X�O�W�� �]�R�Q�H�� �P�D�W�H�U�L�D�O���� �L�V�� �W�K�H�� �S�U�R�G�X�F�W�� �R�I�� �W�K�H�� �0�5�(�� ���D�Q�G���R�U�� �H�D�U�O�L�H�U�� �H�Y�H�Q�W�V������ �D�Q�G�� ������ �W�K�H��
�G�L�V�S�O�D�F�H�P�H�Q�W���R�I���8�Q�L�W�����������D�Q�G���W�K�H���I�R�U�P�D�W�L�R�Q���R�I���8�Q�L�W�����������F�D�Q���E�H���P�R�U�H���H�D�V�L�O�\���H�[�S�O�D�L�Q�H�G���E�\���D���V�L�Q�J�O�H��
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Alternative Interpretation: ���$���S�R�V�V�L�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���F�R�X�O�G���D�U�J�X�H���W�K�H���M�X�[�W�D�S�R�V�L�W�L�R�Q���R�I��
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�V�W�U�D�W�L�J�U�D�S�K�L�F�D�O�O�\�� �E�H�O�R�Z�� �8�Q�L�W�� �������� �L�Q�� �W�U�H�Q�F�K�� �&�7������ �L�V�� ��������±�������� �N�D�� ���)�L�J�X�U�H�V�� ������������ ���������D���� �D�Q�G�� ������������
�3�O�D�W�H�������������7�K�L�V���D�S�S�D�U�H�Q�W���U�H�Y�H�U�V�D�O���L�Q���D�J�H�V���D�Q�G���V�W�U�D�W�L�J�U�D�S�K�L�F���L�Q�F�R�Q�V�L�V�W�H�Q�F�\���S�U�H�V�H�Q�W�V���W�K�U�H�H���S�R�V�V�L�E�O�H��
�R�X�W�F�R�P�H�V���� ������ �W�K�H�� ����������± �������� �N�D�� �G�D�W�H�� �L�V�� �L�Q�F�R�U�U�H�F�W�� �D�Q�G�� �W�K�H�� ���������� �“�� �������� �N�D�� �G�D�W�H�� �L�V�� �F�R�U�U�H�F�W���� ������ �W�K�H��
��������±���������N�D���G�D�W�H���L�V���F�R�U�U�H�F�W���D�Q�G���W�K�H���H�Q�W�L�U�H���V�H�F�W�L�R�Q���I�U�R�P���D�E�R�Y�H���8�Q�L�W�����������L�V���\�R�X�Q�J�H�U���W�K�D�Q����������±��������
�N�D�����R�U���������Q�H�L�W�K�H�U���G�D�W�H���L�V���F�R�U�U�H�F�W���D�Q�G���W�K�H�V�H���G�D�W�H�V���V�K�R�X�O�G���E�H���H�L�W�K�H�U���L�J�Q�R�U�H�G���R�U���F�R�Q�V�L�G�H�U�H�G���W�R�J�H�W�K�H�U��
�U�H�S�U�H�V�H�Q�W�L�Q�J���D���E�U�R�D�G���D�J�H���F�R�Q�V�W�U�D�L�Q�W�������%�D�V�H�G���R�Q���W�K�H���F�R�U�U�H�O�D�W�L�R�Q���R�I���X�Q�L�W�V���E�H�W�Z�H�H�Q���W�K�H���W�U�H�Q�F�K�H�V���D�W��
�6�L�W�H���&�����Z�H���S�U�H�I�H�U���W�K�H���I�L�U�V�W���S�R�V�V�L�E�L�O�L�W�\�����Z�K�L�F�K���J�H�Q�H�U�D�O�O�\���D�J�U�H�H�V���Z�L�W�K���2�6�/���G�D�W�H�V���I�U�R�P���W�U�H�Q�F�K���&�7�����������,�I��
�W�K�H���2�6�/���G�D�W�H�V���I�U�R�P���W�U�H�Q�F�K���&�7�������D�U�H���F�R�Q�V�L�G�H�U�H�G���D�V���D���P�H�D�Q�V���W�R���K�H�O�S���S�R�V�L�W�L�R�Q���W�K�L�V���H�Y�H�Q�W���L�Q���W�K�H���V�L�W�H��
�S�D�O�H�R���H�D�U�W�K�T�X�D�N�H���F�K�U�R�Q�R�O�R�J�\�����W�K�H�Q���W�K�H���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���H�Y�H�Q�W���F�R�X�O�G���E�H���H�L�W�K�H�U���(�Y�H�Q�W���(�� ���R�U���(�� ���R�I��
�W�U�H�Q�F�K���&�7�����������7�K�H���P�D�[�L�P�X�P���W�L�P�H���F�R�Q�V�W�U�D�L�Q�W���I�R�U���W�K�L�V���H�Y�H�Q�W���L�V���E�D�V�H�G���R�Q���W�K�H���D�J�H���R�I���4�H�F���������������“����������
�N�D������ �� �$�Q�� �2�[�&�D�O�� �P�R�G�H�O�� �W�R�� �I�X�U�W�K�H�U�� �D�V�V�H�V�V�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �W�K�L�V�� �H�Y�H�Q�W�� �Z�D�V�� �Q�R�W�� �S�H�U�I�R�U�P�H�G�� �G�X�H�� �W�R�� �W�K�H��
�F�R�Q�I�O�L�F�W�L�Q�J�� �2�6�/�� �G�D�W�H�V�� �D�Q�G�� �W�K�H�� �L�Q�D�E�L�O�L�W�\�� �W�R�� �F�R�Q�I�L�G�H�Q�W�O�\�� �U�H�V�R�O�Y�H�� �W�K�H�� �D�J�H�� �L�Q�F�R�Q�V�L�V�W�H�Q�F�L�H�V�� �E�H�W�Z�H�H�Q��
�8�Q�L�W�V�����������D�Q�G������������������

�� �(�Y�H�Q�W�������L�Q���7�U�H�Q�F�K���&�7��������
Preferred Interpretation: ���(�Y�H�Q�W���(�� ���L�Q���W�U�H�Q�F�K���&�7�������L�V���E�D�V�H�G���R�Q���I�D�X�O�W�L�Q�J�����9�R�����R�I���8�Q�L�W�����������D�W���V�W�D�W�L�R�Q�V��
���������P���D�Q�G�����������P���L�Q���W�K�H���V�R�X�W�K���D�Q�G���Q�R�U�W�K���Z�D�O�O�V�����U�H�V�S�H�F�W�L�Y�H�O�\�����7�D�E�O�H���������������)�L�J�X�U�H�V�����������D���D�Q�G��������������
�3�O�D�W�H�V�������D�Q�G���������������7�K�H���H�D�V�W���V�L�G�H���G�R�Z�Q���Y�H�U�W�L�F�D�O���R�I�I�V�H�W���R�I���8�Q�L�W�����������L�V���D�E�R�X�W���������W�R���������F�P���R�Q���E�R�W�K���W�K�H��
�V�R�X�W�K�� �D�Q�G���Q�R�U�W�K�� �W�U�H�Q�F�K�� �Z�D�O�O�V���� �� �7�K�H�� �V�K�H�D�U�� �]�R�Q�H�V���D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�L�V�� �G�L�V�S�O�D�F�H�P�H�Q�W���D�O�V�R���H�[�K�L�E�L�W��
�V�K�H�D�U���I�D�E�U�L�F���D�Q�G���D�O�L�J�Q�H�G���F�O�D�V�W�V�����7�D�E�O�H������������������

�2�Q���W�K�H���V�R�X�W�K���Z�D�O�O���R�I���W�U�H�Q�F�K���&�7���������W�K�H�U�H���L�V���D���V�P�D�O�O���Z�H�G�J�H���V�K�D�S�H�G���G�H�S�R�V�L�W�����8�Q�L�W�������������M�X�[�W�D�S�R�V�H�G��
�D�J�D�L�Q�V�W�� �8�Q�L�W�� �������� �D�W�� �V�W�D�W�L�R�Q�� �������� �P�� ���7�D�E�O�H�� ������������ �)�L�J�X�U�H�V�� ���������D���D�Q�G���������������3�O�D�W�H�V�� ���� �D�Q�G�� ������������ �7�K�H��
�X�Q�G�H�U�O�\�L�Q�J���V�K�H�D�U���L�Q�F�O�X�G�H�V���D���������F�P���Z�L�G�H���D�Q�D�V�W�R�P�R�V�L�Q�J���V�K�H�D�U���]�R�Q�H���Z�L�W�K���D���Z�H�O�O���G�H�I�L�Q�H�G���I�D�X�O�W���I�D�E�U�L�F��
�Z�L�W�K�� �D�O�L�J�Q�H�G�� �F�O�D�V�W�V���� �� �7�K�H�� �S�U�H�I�H�U�U�H�G�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �U�H�O�D�W�L�R�Q�V�� �L�V�� �W�K�D�W�� �8�Q�L�W�� ��������
�U�H�S�U�H�V�H�Q�W�V���D���V�P�D�O�O���V�O�L�Y�H�U���R�I���8�Q�L�W�����������W�K�D�W���K�D�V���E�H�H�Q���I�D�X�O�W�H�G���D�J�D�L�Q�V�W���8�Q�L�W�����������G�X�U�L�Q�J���(�Y�H�Q�W���(�� ��������

Alternative Interpretation: �� �8�Q�L�W�� �������� �F�D�Q�� �D�O�V�R�� �E�H�� �L�Q�W�H�U�S�U�H�W�H�G�� �D�V�� �D�� �V�P�D�O�O�� �F�R�O�O�X�Y�L�D�O�� �Z�H�G�J�H�� �W�K�D�W��
�E�X�U�L�H�G���W�K�H�����������P���K�L�J�K���I�U�H�H���I�D�F�H���I�R�U�P�H�G���R�Q���8�Q�L�W�������������)�L�J�X�U�H�����������D���������+�R�Z�H�Y�H�U�����8�Q�L�W�����������D�Q�G���W�K�H��
�Z�H�G�J�H���V�K�D�S�H�G���G�H�S�R�V�L�W���D�U�H���D�E�V�H�Q�W���R�Q���W�K�H���Q�R�U�W�K���Z�D�O�O�����W�K�X�V���U�H�G�X�F�L�Q�J���W�K�H���W�H�D�P�¶�V���F�R�Q�I�L�G�H�Q�F�H���R�I���W�K�L�V��
�D�O�W�H�U�Q�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q����

�7�K�H���W�L�P�L�Q�J���R�I���W�K�L�V���H�Y�H�Q�W���L�V���X�Q�F�R�Q�V�W�U�D�L�Q�H�G�������7�K�H���H�Y�H�Q�W���S�U�H�G�D�W�H�V���8�Q�L�W�����������D�Q�G���W�K�X�V���P�X�V�W���E�H���R�O�G�H�U��
�W�K�D�Q�����������“�������� �N�D���E�D�V�H�G�� �R�Q�� �2�6�/���D�Q�D�O�\�V�L�V�� ���7�D�E�O�H���������������� �� �,�W�� �L�V���D�O�V�R���X�Q�F�O�H�D�U�� �Z�K�H�W�K�H�U�� �W�K�L�V�� �H�Y�H�Q�W���L�V��
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�R�O�G�H�U���R�U���\�R�X�Q�J�H�U���W�K�D�Q���4�H�F�����a�������N�D�������L�I���\�R�X�Q�J�H�U���L�W���Z�R�X�O�G���F�R�U�U�H�O�D�W�H���Z�L�W�K���(�Y�H�Q�W���(�� ���L�Q���W�U�H�Q�F�K���&�7�������D�V��
�V�K�R�Z�Q���R�Q���)�L�J�X�U�H����������������

�������������������� �(�Y�H�Q�W���(�����L�Q���7�U�H�Q�F�K���&�7������
Preferred Interpretation: �7�K�H���R�O�G�H�V�W���H�Y�H�Q�W���L�Q���W�U�H�Q�F�K���&�7�������L�V���H�[�S�U�H�V�V�H�G���D�V���D���Q�H�D�U���Y�H�U�W�L�F�D�O���I�D�X�O�W��
�W�K�D�W�� �M�X�[�W�D�S�R�V�H�V�� �8�Q�L�W�� �������� �R�Q�� �W�K�H�� �H�D�V�W���D�J�D�L�Q�V�W�� �8�Q�L�W�� ���������R�Q�� �W�K�H�� �Z�H�V�W�� �D�W�� �V�W�D�W�L�R�Q������ �P�� ���7�D�E�O�H���� ����������
�)�L�J�X�U�H�V�� ���������D���� �3�O�D�W�H�V�������D�Q�G�������������� �2�Q���W�K�H���V�R�X�W�K���Z�D�O�O���� �L�U�R�Q���V�W�D�L�Q�H�G�� �O�D�P�L�Q�D�W�L�R�Q�V�� �L�Q�� �8�Q�L�W���������� ���I�L�Q�H��
�J�U�D�L�Q�H�G�����K�D�U�G���S�H�E�E�O�\���V�L�O�W�����D�U�H���W�U�X�Q�F�D�W�H�G���D�J�D�L�Q�V�W���8�Q�L�W�������������E�R�X�O�G�H�U���U�L�F�K���V�L�O�W���������7�K�H���I�D�X�O�W���R�Q���W�K�H���V�R�X�W�K��
�Z�D�O�O���L�V���T�X�H�U�L�H�G���E�H�F�D�X�V�H���R�I���D���O�D�F�N���R�I���V�K�H�D�U���I�D�E�U�L�F���D�O�R�Q�J���W�K�H���I�D�X�O�W�������7�K�H���Q�R�U�W�K���Z�D�O�O���K�D�V���V�L�P�L�O�D�U���U�H�O�D�W�L�R�Q�V��
�D�V���W�K�H���V�R�X�W�K���Z�D�O�O�����E�X�W���Z�L�W�K���D�Q���L�Q�W�H�U�S�U�H�W�H�G���a�������F�P���Z�L�G�H���I�L�V�V�X�U�H���I�L�O�O���E�R�X�Q�G�H�G���E�\���I�D�X�O�W�L�Q�J���R�I���8�Q�L�W����������
�R�Q���W�K�H���Z�H�V�W���D�Q�G���8�Q�L�W�����������R�Q���W�K�H���H�D�V�W�����)�L�J�X�U�H�����������D�����3�O�D�W�H���������������(�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���V�K�H�D�U�V���R�Q���E�R�W�K��
�Z�D�O�O�V���H�[�W�H�Q�G���L�Q�W�R���8�Q�L�W�����������L�V���Z�H�D�N���D�Q�G���S�R�R�U�O�\���F�R�Q�V�W�U�D�L�Q�H�G������

�(�Y�H�Q�W���(�� ���P�R�V�W���O�L�N�H�O�\���S�U�H���G�D�W�H�V���X�Q�L�W�����������D�Q�G���W�K�H�U�H�I�R�U�H�����L�V���O�L�N�H�O�\���R�O�G�H�U���W�K�D�Q���4�H�F������

�� �6�X�P�P�D�U�\���R�I���7�L�P�L�Q�J���R�I���(�Y�H�Q�W�V���D�W���6�L�W�H���&��
�&�R�O�O�H�F�W�L�Y�H�O�\�����6�L�W�H���&���W�U�H�Q�F�K�H�V���S�U�R�Y�L�G�H���H�Y�L�G�H�Q�F�H���R�I���D�W���O�H�D�V�W���W�K�U�H�H�����������S�U�H���4�H�F�����!�������N�D�����F�R�V�H�L�V�P�L�F��
�V�X�U�I�D�F�H���U�X�S�W�X�U�H�V�����D�Q�G���W�K�U�H�H���W�R���I�R�X�U���������W�R���������S�R�V�W���4�H�F�����������N�D�����V�X�U�I�D�F�H���U�X�S�W�X�U�H�V�������7�K�H���D�Y�D�L�O�D�E�O�H���D�J�H��
�G�D�W�D���L�V���L�Q�V�X�I�I�L�F�L�H�Q�W���L�Q���I�X�U�W�K�H�U���U�H�I�L�Q�L�Q�J���W�K�H���W�L�P�H�V���R�I���W�K�H���W�K�U�H�H���L�Q�W�H�U�S�U�H�W�H�G���S�U�H���4�H�F���H�Y�H�Q�W�V�����R�W�K�H�U���W�K�D�Q��
�E�H�L�Q�J���F�R�Q�I�L�G�H�Q�W���W�K�D�W���W�K�H�V�H���H�Y�H�Q�W�V���D�U�H���!�������N�D�����)�L�J�X�U�H�������������������7�K�H���W�L�P�H�V���R�I���W�K�H���S�R�V�W���4�H�F���H�Y�H�Q�W�V���D�U�H��
�H�V�W�L�P�D�W�H�G���R�Q���W�K�H���E�D�V�L�V���R�I���U�D�G�L�R�F�D�U�E�R�Q���G�D�W�L�Q�J���R�I���F�K�D�U�F�R�D�O���V�D�P�S�O�H�V���D�Q�G���2�6�/���D�Q�D�O�\�V�H�V���R�I���V�H�G�L�P�H�Q�W����
�D�V���G�L�V�F�X�V�V�H�G���D�E�R�Y�H�����7�D�E�O�H��������������������

�7�K�H���S�R�V�W���4�H�F���H�Y�H�Q�W�V�������������N�D�����L�Q�F�O�X�G�H���W�K�H���I�R�O�O�R�Z�L�Q�J�����)�L�J�X�U�H�V�����������D�������������D�����D�Q�G����������������

· �� �(�Y�H�Q�W�� �(�����F�O�H�D�U�O�\�� �R�I�I�V�H�W�V�� �8�Q�L�W�� �������� �R�Q�� �E�R�W�K�� �Z�D�O�O�V�� �R�I�� �W�U�H�Q�F�K���&�7������ �D�O�R�Q�J�� �W�K�H�� �Z�H�V�W�H�U�Q�� �I�D�X�O�W��
�]�R�Q�H�������(�Y�H�Q�W���(�� ���Z�D�V���Q�R�W���H�Q�F�R�X�Q�W�H�U�H�G���L�Q���W�U�H�Q�F�K���&�7���������S�U�R�E�D�E�O�\���E�H�F�D�X�V�H���W�K�H���W�U�H�Q�F�K���F�R�X�O�G�Q�¶�W��
�E�H���H�[�F�D�Y�D�W�H�G���K�L�J�K���H�Q�R�X�J�K���R�Q���W�K�H���V�F�D�U�S�������$�J�H���G�D�W�D���I�U�R�P���W�K�H���I�D�X�O�W�H�G���8�Q�L�W�����������L�Q�G�L�F�D�W�H���(�� ��
�R�F�F�X�U�U�H�G���D�I�W�H�U���������������W�R���������������F�D�O���\�U���%���3�������U�D�G�L�R�F�D�U�E�R�Q���D�Q�D�O�\�V�L�V�����R�U���������“���������N�D���W�R���������“��������
�N�D�����2�6�/���D�Q�D�O�\�V�L�V���������1�R���P�L�Q�L�P�X�P���W�L�P�H���F�R�Q�V�W�U�D�L�Q�W���L�V���D�Y�D�L�O�D�E�O�H�������7�K�H���2�[�&�D�O���P�R�G�H�O���H�V�W�L�P�D�W�H�V��
�(�Y�H�Q�W���(�� ���L�V�����������������F�D�O���\�U���%���3�������������������F�R�Q�I�L�G�H�Q�F�H���O�L�P�L�W�������)�L�J�X�U�H�����������������$�S�S�H�Q�G�L�[���+������

· �� �(�Y�H�Q�W���(�����L�V���G�H�I�L�Q�H�G���E�\���W�K�H���R�I�I�V�H�W���R�I���8�Q�L�W�V�����������D�Q�G�����������L�Q���W�U�H�Q�F�K���&�7�����������5�D�G�L�R�F�D�U�E�R�Q���G�D�W�D��
�I�U�R�P���8�Q�L�W�����������F�R�Q�V�W�U�D�L�Q���W�K�H���P�L�Q�L�P�X�P���W�L�P�H���R�I���W�K�L�V���H�Y�H�Q�W���W�R�������������������������������F�D�O���\�U���%���3�������7�D�E�O�H��
�����������������7�K�H���P�D�[�L�P�X�P���W�L�P�H���I�R�U���W�K�L�V���H�Y�H�Q�W���L�V���F�R�Q�V�W�U�D�L�Q�H�G���E�\���D���V�L�Q�J�O�H���2�6�/���G�D�W�H���R�I�����������“��������
�N�D���L�Q���8�Q�L�W�������������7�D�E�O�H�������������������7�K�H���2�[�&�D�O���P�R�G�H�O���F�R�Q�V�L�G�H�U�V���E�R�W�K���W�K�H���U�D�G�L�R�F�D�U�E�R�Q���D�Q�G���2�6�/��
�D�J�H�V���R�I���(�Y�H�Q�W���(�� ���U�D�Q�J�H���I�U�R�P�������������������������������F�D�O���\�U���%���3�������������������F�R�Q�I�L�G�H�Q�F�H���O�L�P�L�W�������)�L�J�X�U�H��
���������������$�S�S�H�Q�G�L�[���+��������

· �� �(�Y�H�Q�W���(�����L�Q���W�U�H�Q�F�K���&�7�������L�V���G�H�I�L�Q�H�G���E�\���I�D�X�O�W�L�Q�J���R�I���8�Q�L�W���������������,�Q���R�X�U���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q����
�(�Y�H�Q�W���(�� ���D�O�V�R���R�I�I�V�H�W�V���W�K�H���E�D�V�H���R�I���8�Q�L�W�����������L�Q���W�U�H�Q�F�K���&�7�����������2�6�/���G�D�W�H�V���I�U�R�P���W�U�H�Q�F�K���&�7������
�F�R�Q�V�W�U�D�L�Q�� �W�K�H�� �P�L�Q�L�P�X�P�� �D�Q�G�� �P�D�[�L�P�X�P�� �W�L�P�H�V�� �R�I�� �W�K�L�V�� �H�Y�H�Q�W�� �D�W�� �E�H�W�Z�H�H�Q�� ���������“�������� �N�D�� �D�Q�G��
���������“���������N�D�����7�D�E�O�H�������������������7�K�H���2�[�&�D�O���P�R�G�H�O���F�R�Q�V�L�G�H�U�V���W�K�H���2�6�/���D�J�H���R�I���W�K�L�V���H�Y�H�Q�W���W�L�P�H���D�V��
�E�H�W�Z�H�H�Q�������������������������������F�D�O���\�U���%���3�������������������F�R�Q�I�L�G�H�Q�F�H���O�L�P�L�W�������)�L�J�X�U�H�����������������$�S�S�H�Q�G�L�[���+��������
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

· �� �(�Y�H�Q�W���(�����L�Q���W�U�H�Q�F�K���&�7�������L�V���G�H�I�L�Q�H�G���E�\���W�K�H���M�X�[�W�D�S�R�V�L�W�L�R�Q���R�I���4�H�F�����8�Q�L�W�������������D�J�D�L�Q�V�W���8�Q�L�W����������
�R�Q���E�R�W�K���Z�D�O�O�V���R�I���W�K�H���W�U�H�Q�F�K�������(�Y�L�G�H�Q�F�H���I�R�U���W�K�L�V���H�Y�H�Q�W���P�D�\���F�R�U�U�H�O�D�W�H���Z�L�W�K���(�Y�H�Q�W���(�����L�Q���W�U�H�Q�F�K��
�&�7�������� �7�K�H�� �P�D�[�L�P�X�P�� �D�Q�G�� �P�L�Q�L�P�X�P�� �W�L�P�L�Q�J�� �F�R�Q�V�W�U�D�L�Q�W�V�� �I�R�U�� �(�Y�H�Q�W���(�� �� �L�Q�F�O�X�G�H�� �(�O�� �&�D�M�H�W�H��
�3�X�P�L�F�H���������������“�����������N�D�����D�Q�G���2�6�/���G�D�W�H�V���F�R�O�O�H�F�W�H�G���I�U�R�P���8�Q�L�W���������������������“���������N�D�������U�H�V�S�H�F�W�L�Y�H�O�\��
���7�D�E�O�H�������������������8�V�L�Q�J���W�K�H�V�H���G�D�W�H�V���I�R�U���W�L�P�L�Q�J���F�R�Q�W�U�R�O�����W�K�H���2�[�&�D�O���P�R�G�H�O���H�V�W�L�P�D�W�H�V���(�Y�H�Q�W���(�� ��
�R�F�F�X�U�U�H�G�� �E�H�W�Z�H�H�Q�� �������������� �W�R�� �������������� �F�D�O�� �\�U�� �%���3���� �������������� �F�R�Q�I�L�G�H�Q�F�H�� �O�L�P�L�W���� ���)�L�J�X�U�H�� ������������
���$�S�S�H�Q�G�L�[���+������

�&�R�O�O�H�F�W�L�Y�H�O�\�����W�K�H�V�H���G�D�W�D�����L���H�������I�R�X�U���H�Y�H�Q�W�V���L�Q���a�������N�D�����D�U�J�X�H���I�R�U���D�Q���D�Y�H�U�D�J�H���U�H�F�X�U�U�H�Q�F�H���L�Q�W�H�U�Y�D�O���R�I��
�D�S�S�U�R�[�L�P�D�W�H�O�\�� ���������� �N�D�� ���L���H������ ���������� �N�D�� � �� ������ �N�D������ �U�H�F�X�U�U�H�Q�F�H�� �L�Q�W�H�U�Y�D�O�V������ �Z�K�L�F�K�� �L�V�� �V�L�P�L�O�D�U�� �W�R�� �W�K�H��
�U�H�F�X�U�U�H�Q�F�H���L�Q�W�H�U�Y�D�O�V���R�I�������������N�D���U�H�S�R�U�W�H�G���E�\���0�F�&�D�O�S�L�Q�����������������D�Q�G���������������N�\�U���I�U�R�P���0�F�&�D�O�S�L�Q����������������������
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

7.0 ��RE INT ERPRET AT ION OF PREVIOUS L ANL PALEO S EISMIC  
ST UDIES (1990 -2003)  

�$�V�� �S�D�U�W�� �R�I�� �W�K�L�V�� �3�K�D�V�H�� ���� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q���� �Z�H�� �U�H�Y�L�H�Z�H�G�� �D�Q�G�� �U�H���D�Q�D�O�\�]�H�G�� �W�K�H�� �S�D�O�H�R�V�H�L�V�P�L�F�� �G�D�W�D��
�F�R�O�O�H�F�W�H�G�� �S�U�H�Y�L�R�X�V�O�\�� �R�Q�� �W�K�H�� �3�)�6�� �E�\�� �:�R�Q�J�� �H�W�� �D�O���� ���������������� �0�F�&�D�O�S�L�Q�� �������������� ������������ ������������ ��������������
�*�D�U�G�Q�H�U���H�W���D�O���������������������������������/�H�Z�L�V���H�W���D�O���������������������/�D�Y�L�Q�H���H�W���D�O���������������D�������������E�������6�F�K�X�O�W�]���H�W���D�O��������������������
�D�Q�G���5�H�Q�H�D�X���H�W���D�O���������������������2�X�U���U�H���D�Q�D�O�\�V�L�V���I�R�F�X�V�H�G���R�Q���H�Y�D�O�X�D�W�L�Q�J���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I���O�D�W�H�V�W��
�3�O�H�L�V�W�R�F�H�Q�H�� �D�Q�G�� �+�R�O�R�F�H�Q�H�� �H�D�U�W�K�T�X�D�N�H�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R���� �*�X�D�M�H�� �0�R�X�Q�W�D�L�Q�� �D�Q�G�� �5�H�Q�G�L�M�D�� �&�D�Q�\�R�Q��
�I�D�X�O�W�V���E�\���D�S�S�O�\�L�Q�J���W�K�H���H�Y�H�Q�W���U�D�Q�N�L�Q�J���F�U�L�W�H�U�L�D���H�V�W�D�E�O�L�V�K�H�G���I�R�U���W�K�L�V���V�W�X�G�\���W�R���W�K�H���S�U�H�Y�L�R�X�V���G�D�W�D�����D�Q�G���E�\��
�F�R�Q�V�L�G�H�U�L�Q�J�� �W�K�H�� �I�X�O�O�� �U�D�Q�J�H�� �R�I�� �D�O�W�H�U�Q�D�W�L�Y�H�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�� �J�L�Y�H�Q�� �W�K�H�� �X�Q�F�H�U�W�D�L�Q�W�\�� �L�Q�� �S�D�O�H�R�V�H�L�V�P�L�F��
�O�R�J�J�L�Q�J���D�Q�G���G�D�W�L�Q�J���P�H�W�K�R�G�V���X�V�H�G���G�X�U�L�Q�J���W�K�H�V�H���H�D�U�O�L�H�U���V�W�X�G�L�H�V�����7�D�E�O�H�V�����������D�Q�G�������������)�L�J�X�U�H���������������,�Q��
�S�D�U�W�L�F�X�O�D�U���� �W�K�H�� �U�H���D�Q�D�O�\�V�L�V�� �I�R�F�X�V�H�G�� �R�Q�� �W�K�R�V�H�� �V�L�W�H�V�� �Z�L�W�K�� �Z�H�O�O���G�R�F�X�P�H�Q�W�H�G���� �Z�H�O�O���H�[�S�U�H�V�V�H�G�� �H�Y�H�Q�W��
�L�Q�G�L�F�D�W�R�U�V�� ���H���J������ �6�L�W�H�V�� ���������D�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �E�\�� �0�F�&�D�O�S�L�Q���� ������������ �������������� �D�Q�G�� �W�K�R�V�H�� �Z�L�W�K��
�V�X�I�I�L�F�L�H�Q�W���D�J�H���F�R�Q�W�U�R�O���W�R���P�D�N�H���P�H�D�Q�L�Q�J�I�X�O���F�R�P�S�D�U�L�V�R�Q�V���Z�L�W�K���W�K�H���3�K�D�V�H�������U�H�V�X�O�W�V���I�U�R�P���6�L�W�H�V���$�����%����
�D�Q�G�� �&�� ���)�L�J�X�U�H�� ������������ �7�K�H���S�X�U�S�R�V�H���R�I���W�K�L�V�� �U�H���D�Q�D�O�\�V�L�V�� �Z�D�V���W�R�� �G�H�Y�H�O�R�S�� �D�� �F�R�P�S�R�V�L�W�H�� �F�K�U�R�Q�R�O�R�J�\���R�I��
�+�R�O�R�F�H�Q�H�� �D�Q�G�� �O�D�W�H�� �3�O�H�L�V�W�R�F�H�Q�H�� �H�Y�H�Q�W�V�� �R�Q�� �L�Q�G�L�Y�L�G�X�D�O�� �I�D�X�O�W�� �V�W�U�D�Q�G�V�� �D�O�R�Q�J�� �W�K�H�� �O�H�Q�J�W�K�� �R�I�� �W�K�H�� �3�)�6��
�D�G�M�D�F�H�Q�W���W�R���/�$�1�/�������7�K�L�V���V�H�F�W�L�R�Q���G�L�V�F�X�V�V�H�V���R�X�U���U�H���D�Q�D�O�\�V�L�V���R�I���W�K�H���S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V�����L�Q�F�O�X�G�L�Q�J���D�Q��
�2�[�&�D�O���D�Q�D�O�\�V�L�V���I�R�U���V�R�P�H���V�L�W�H�V�������D�Q�G���U�H�Y�L�H�Z���R�I���S�U�H�Y�L�R�X�V���W�U�H�Q�F�K�H�V���E�\���0�F�&�D�O�S�L�Q�����������������D�W���6�L�W�H�V���%��
�D�Q�G���&���������6�H�F�W�L�R�Q�������L�Q�W�H�J�U�D�W�H�V���W�K�L�V���U�H���D�Q�D�O�\�V�L�V���R�I���H�D�U�W�K�T�X�D�N�H���W�L�P�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���Z�L�W�K���W�K�H���3�K�D�V�H������
�U�H�V�X�O�W�V���D�Q�G���S�U�R�Y�L�G�H�V���D���F�R�P�S�U�H�K�H�Q�V�L�Y�H���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���O�D�W�H���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���+�R�O�R�F�H�Q�H���U�H�F�R�U�G��
�R�I���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�)�6��������

�,�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W���D�V���S�D�U�W���R�I���W�K�L�V���U�H���D�Q�D�O�\�V�L�V�����W�K�H���3�D�O�H�R�V�H�L�V�P�L�F���7�H�D�P���S�D�L�G���V�S�H�F�L�D�O���D�W�W�H�Q�W�L�R�Q��
�W�R���W�K�H���W�\�S�H�V���R�I���G�D�W�L�Q�J���W�H�F�K�Q�L�T�X�H�V���W�K�D�W���Z�H�U�H���X�V�H�G���W�R���H�Y�D�O�X�D�W�H���W�K�H���D�J�H���R�I���W�K�H���R�E�V�H�U�Y�H�G���V�W�U�D�W�L�J�U�D�S�K�\��
�D�Q�G���W�R���F�R�Q�V�W�U�D�L�Q���W�K�H���D�J�H�V���R�I���G�L�V�W�L�Q�F�W���S�D�O�H�R�V�H�L�V�P�L�F���H�Y�H�Q�W�V���I�U�R�P���W�K�H�V�H���H�D�U�O�L�H�U���V�W�X�G�L�H�V�����,�Q���J�H�Q�H�U�D�O����
�E�R�W�K���U�D�G�L�R�F�D�U�E�R�Q���D�Q�G���O�X�P�L�Q�H�V�F�H�Q�F�H���G�D�W�L�Q�J���P�H�W�K�R�G�V���Z�H�U�H���X�V�H�G���L�Q���S�D�V�W���V�W�X�G�L�H�V�����D�Q�G���E�R�W�K���G�D�W�L�Q�J��
�P�H�W�K�R�G�V���K�D�Y�H���H�Y�R�O�Y�H�G���Z�L�W�K���W�L�P�H���L�Q���W�H�U�P�V���R�I���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���F�R�Q�W�H�[�W�X�D�O���X�Q�F�H�U�W�D�L�Q�W�\���R�I���W�K�H���V�D�P�S�O�H����
�D�V�� �Z�H�O�O�� �D�V�� �U�H�G�X�F�L�Q�J�� �X�Q�F�H�U�W�D�L�Q�W�\�� �D�Q�G�� �L�P�S�U�R�Y�L�Q�J�� �O�D�E�R�U�D�W�R�U�\�� �S�U�H�F�L�V�L�R�Q�� �R�I�� �W�K�H�� �G�D�W�L�Q�J�� �U�H�V�X�O�W�V���� �)�R�U��
�H�[�D�P�S�O�H�����W�K�H�U�P�D�O���O�X�P�L�Q�H�V�F�H�Q�F�H�����7�/�����Z�D�V���W�K�H���O�X�P�L�Q�H�V�F�H�Q�F�H���G�D�W�L�Q�J���W�H�F�K�Q�L�T�X�H���D�S�S�O�L�H�G���L�Q���P�R�V�W���R�I��
�W�K�H���H�D�U�O�L�H�U���V�W�X�G�L�H�V���D�W���/�$�1�/�����H���J�������:�R�Q�J���H�W���D�O�������������������0�F�&�D�O�S�L�Q�������������������������������2�Y�H�U���W�L�P�H�����W�K�H���7�/��
�W�H�F�K�Q�L�T�X�H���K�D�V���S�U�R�Y�H�Q���O�H�V�V���U�H�O�L�D�E�O�H���W�K�D�Q���P�R�U�H���F�X�U�U�H�Q�W���2�S�W�L�F�D�O�O�\���6�W�L�P�X�O�D�W�H�G���/�X�P�L�Q�H�V�F�H�Q�F�H�����2�6�/����
�D�Q�G�� �,�Q�I�U�D�U�H�G�� �6�W�L�P�X�O�D�W�H�G�� �/�X�P�L�Q�H�V�F�H�Q�F�H�� ���,�5�6�/���� �W�H�F�K�Q�L�T�X�H�V���� �V�X�F�K�� �W�K�D�W���H�D�U�O�L�H�U�� �7�/�� �U�H�V�X�O�W�V���D�U�H���Q�R�Z��
�F�R�Q�V�L�G�H�U�H�G�� �W�R�� �K�D�Y�H�� �J�U�H�D�W�H�U�� �X�Q�F�H�U�W�D�L�Q�W�\�� �W�K�D�Q�� �D�W�� �W�K�H�� �W�L�P�H�� �R�I�� �W�K�H�L�U�� �R�U�L�J�L�Q�D�O�� �D�S�S�O�L�F�D�W�L�R�Q���� �,�Q�� �W�K�H�� �7�/��
�W�H�F�K�Q�L�T�X�H���� �I�L�Q�H���J�U�D�L�Q�H�G�� �I�H�O�G�V�S�D�U�� �W�K�D�W�� �K�D�V�� �E�H�H�Q�� �K�H�D�W�H�G�� �R�U�� �H�[�S�R�V�H�G�� �W�R�� �V�X�Q�O�L�J�K�W�� �I�R�U�� �D�Q�� �H�[�W�H�Q�G�H�G��
�S�H�U�L�R�G���R�I���W�L�P�H���Z�D�V���X�V�H�G���W�R���G�D�W�H���V�H�G�L�P�H�Q�W�����)�R�O�O�R�Z�L�Q�J���E�X�U�L�D�O���R�I���W�K�H���V�H�G�L�P�H�Q�W�����L���H�����S�U�R�W�H�F�W�L�R�Q���R�I���W�K�H��
�I�H�O�G�V�S�D�U���J�U�D�L�Q���I�U�R�P���V�X�Q�O�L�J�K�W�������W�K�H���I�H�O�G�V�S�D�U���Z�D�V���H�[�S�R�V�H�G���W�R���Q�D�W�X�U�D�O���U�D�G�L�D�W�L�R�Q���I�U�R�P���W�K�H���V�X�U�U�R�X�Q�G�L�Q�J��
�V�H�G�L�P�H�Q�W���W�K�D�W���H�[�F�L�W�H�V���H�O�H�F�W�U�R�Q�V���L�Q���W�K�H���F�U�\�V�W�D�O���W�K�D�W���D�U�H���W�U�D�S�S�H�G���D�V���V�W�R�U�H�G���H�Q�H�U�J�\���L�Q���G�H�I�H�F�W�V���L�Q���W�K�H��
�F�U�\�V�W�D�O�� �O�D�W�W�L�F�H���� �7�K�H�� �V�W�R�U�H�G�� �H�Q�H�U�J�\�� �L�V�� �U�H�O�H�D�V�H�G�� �D�V�� �O�L�J�K�W�� �G�X�U�L�Q�J�� �K�H�D�W�L�Q�J�� �L�Q�� �D�� �O�D�E�R�U�D�W�R�U�\�� �D�Q�G�� �W�K�H��
�P�H�D�V�X�U�H�G���O�L�J�K�W���L�V���S�U�R�S�R�U�W�L�R�Q�D�O���W�R���W�K�H���E�X�U�L�D�O���W�L�P�H���R�I���W�K�H���V�H�G�L�P�H�Q�W�����7�K�H���7�/���W�H�F�K�Q�L�T�X�H���L�V���V�H�O�G�R�P���X�V�H�G��
�D�Q�\�P�R�U�H�� �H�[�F�H�S�W���I�R�U�� �V�D�P�S�O�H�V�� �W�K�D�W���K�D�Y�H�� �E�H�H�Q�� �K�H�D�W�H�G���G�L�U�H�F�W�O�\�� �E�\���D�� �O�R�F�D�O�� �V�R�X�U�F�H�� ���S�R�W�W�H�U�\�� �V�K�D�U�G�V����
�H�W�F�������E�H�F�D�X�V�H���I�H�O�G�V�S�D�U�V���U�H�T�X�L�U�H���P�X�F�K���O�R�Q�J�H�U���W�L�P�H�V���W�R���E�O�H�D�F�K���X�Q�G�H�U���V�X�Q�O�L�J�K�W���K�H�D�W�L�Q�J�����)�R�U���W�K�H���H�D�U�O�\��
�/�$�1�/�� �V�D�P�S�O�H�V���� �P�X�O�W�L�S�O�H�� �D�O�L�T�X�R�W�V�� �F�R�Q�V�L�V�W�L�Q�J�� �R�I�� �V�H�Y�H�U�D�O�� �K�X�Q�G�U�H�G�� �L�Q�G�L�Y�L�G�X�D�O�� �I�H�O�G�V�S�D�U�� �J�U�D�L�Q�V�� �Z�H�U�H��
�W�\�S�L�F�D�O�O�\���D�Q�D�O�\�]�H�G���� �7�K�H�� �P�D�L�Q�� �F�K�D�O�O�H�Q�J�H�� �Z�L�W�K�� �7�/���G�D�W�L�Q�J�� �L�V���W�K�D�W�� �V�R�P�H�� �X�Q�N�Q�R�Z�Q���Q�X�P�E�H�U���R�I�� �J�U�D�L�Q�V��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�Z�L�W�K�L�Q�� �W�K�H�� �V�D�P�S�O�H�� �P�D�\�� �Q�R�W�� �K�D�Y�H�� �E�H�H�Q�� �F�R�P�S�O�H�W�H�O�\�� �E�O�H�D�F�K�H�G�� �E�H�F�D�X�V�H�� �R�I�� �W�K�H�� �U�H�O�D�W�L�Y�H�O�\�� �O�R�Q�J��
�H�[�S�R�V�X�U�H�� �W�L�P�H�V�� �U�H�T�X�L�U�H�G���I�R�U�� �F�R�P�S�O�H�W�H�� �E�O�H�D�F�K�L�Q�J�����U�H�V�X�O�W�L�Q�J�� �L�Q���D�S�S�D�U�H�Q�W���D�J�H�V�� �W�K�D�W�� �D�U�H���R�O�G�H�U�� �W�K�D�Q��
�W�K�H���W�U�X�H���D�J�H���R�I���E�X�U�L�D�O�����7�K�L�V���L�V���D���Y�D�O�L�G���F�R�Q�F�H�U�Q���I�R�U���D�O�O���R�I���W�K�H���7�/���D�J�H�V���L�Q���W�K�H���H�D�U�O�L�H�U���/�$�1�/���V�W�X�G�L�H�V����
�&�R�P�S�O�L�F�D�W�L�Q�J�� �W�K�L�V���� �I�H�O�G�V�S�D�U�� �K�D�V�� �D�� �W�H�Q�G�H�Q�F�\�� �W�R�� �O�R�V�H�� �S�D�U�W�� �R�I�� �L�W�V�� �V�L�J�Q�D�O�� �R�Y�H�U�� �W�L�P�H���� �D�� �S�K�H�Q�R�P�H�Q�R�Q��
�F�D�O�O�H�G���D�Q�R�P�D�O�R�X�V���I�D�G�L�Q�J�����D�V���D�S�S�O�L�H�G���W�R���7�/�����+�X�Q�W�O�H�\���D�Q�G���/�D�P�R�W�K�H�������������������7�K�L�V���U�H�V�X�O�W�V���L�Q���³�G�D�W�H�V�´��
�W�K�D�W���D�U�H���D�S�S�D�U�H�Q�W�O�\���\�R�X�Q�J�H�U���W�K�D�Q���W�K�H���W�U�X�H���D�J�H���R�I���E�X�U�L�D�O�����3�H�U�K�D�S�V���W�K�H�V�H���W�Z�R���S�U�R�E�O�H�P�V���P�D�\���F�D�Q�F�H�O��
�H�D�F�K���R�W�K�H�U���R�X�W�����E�X�W���W�K�D�W���F�D�Q�Q�R�W���E�H���N�Q�R�Z�Q���L�Q�G�H�S�H�Q�G�H�Q�W�O�\�����7�K�X�V�����D�V���S�D�U�W���R�I���W�K�L�V���U�H���D�Q�D�O�\�V�L�V���W�K�H���7�/��
�G�D�W�H�V���I�U�R�P�� �S�D�V�W�� �V�W�X�G�L�H�V���D�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �V�X�V�S�H�F�W���E�H�F�D�X�V�H�� �W�K�H�L�U�� �D�J�H�V�� �D�U�H�� �O�L�N�H�O�\�� �W�R���E�H�� �L�Q�D�F�F�X�U�D�W�H��
�D�Q�G���F�D�Q���E�H���\�R�X�Q�J�H�U���R�U���R�O�G�H�U���W�K�D�Q���W�K�H���W�U�X�H���E�X�U�L�D�O���D�J�H����

���������5�(���$�1�$�/�<�6�,�6���2�)���3�5�(�9�,�2�8�6���3�$�/�(�2�6�(�,�6�0�,�&���' �$�7�$���2�1���7�+�(���3�$�-�$�5�,�7�2���)�$�8�/�7���6�<�6�7�(�0����

�$�V���S�D�U�W���R�I���W�K�L�V���U�H���H�Y�D�O�X�D�W�L�R�Q���R�I���S�U�H�Y�L�R�X�V���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D�����Z�H���D�S�S�O�L�H�G���R�X�U���3�K�D�V�H�������H�Y�H�Q�W���U�D�Q�N�L�Q�J��
�F�U�L�W�H�U�L�D�� ���7�D�E�O�H�� ���������� �W�R�� �7�D�E�O�H�� �������� �R�I�� �:�R�Q�J�� �H�W�� �D�O���� �������������� �W�R�� �U�D�Q�N�� �W�K�H�� �O�H�Y�H�O�� �R�I�� �F�R�Q�I�L�G�H�Q�F�H�� �L�Q�� �H�D�F�K��
�+�R�O�R�F�H�Q�H�� �S�D�O�H�R���H�D�U�W�K�T�X�D�N�H�� �L�G�H�Q�W�L�I�L�H�G�� �L�Q�� �S�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� ���3���� �W�K�U�R�X�J�K�� �3���� �L�Q�� �7�D�E�O�H�� ������������ �� �7�K�H��
�T�X�D�O�L�W�D�W�L�Y�H���U�D�Q�N�L�Q�J���F�U�L�W�H�U�L�D���Z�H�U�H���X�V�H�G���W�R���D�V�V�H�V�V���W�K�H���T�X�D�O�L�W�\���R�I���W�K�H���H�Y�L�G�H�Q�F�H���I�R�U���D���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J��
�H�Y�H�Q�W�����V�H�H���7�D�E�O�H���������������7�D�E�O�H�����������O�L�V�W�V���W�K�H���O�D�W�H�V�W���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���+�R�O�R�F�H�Q�H���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���H�Y�H�Q�W�V��
�Z�L�W�K�� �H�Y�L�G�H�Q�F�H���W�K�D�W�� �P�H�H�W���R�X�U�� �P�R�G�H�U�D�W�H���� �W�R���K�L�J�K���F�R�Q�I�L�G�H�Q�F�H�� �F�U�L�W�H�U�L�D���� �+�L�J�K�� �F�R�Q�I�L�G�H�Q�F�H�� �H�Y�H�Q�W�V�� �D�U�H��
�W�\�S�L�F�D�O�O�\���G�R�F�X�P�H�Q�W�H�G���E�\���Z�H�O�O���H�[�S�U�H�V�V�H�G���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���H�[�S�R�V�H�G���L�Q���E�R�W�K���W�U�H�Q�F�K���Z�D�O�O�V���D�Q�G���R�U���L�Q��
�P�X�O�W�L�S�O�H�� �W�U�H�Q�F�K�H�V�� �D�F�U�R�V�V�� �W�K�H�� �V�D�P�H�� �I�D�X�O�W�� �V�W�U�D�Q�G�� ���H���J������ �6�L�W�H�� ���������� �D�Q�G�� ���������D������ �+�R�O�R�F�H�Q�H�� �S�D�O�H�R��
�H�D�U�W�K�T�X�D�N�H�V���W�K�D�W���P�H�H�W���W�K�H���P�R�G�H�U�D�W�H���F�R�Q�I�L�G�H�Q�F�H���F�U�L�W�H�U�L�D���K�D�Y�H���P�R�U�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���L�Q�W�H�U�S�U�H�W�H�G��
�H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���R�U���I�H�Z�H�U���L�Q�G�L�F�D�W�R�U�V���I�R�U���H�D�F�K���H�Y�H�Q�W�����7�D�E�O�H�����������������:�H���H�P�S�K�D�V�L�]�H���W�K�D�W���W�K�L�V���U�D�Q�N�L�Q�J��
�R�Q�O�\�� �D�S�S�O�L�H�V�� �W�R�� �W�K�H�� �H�Y�L�G�H�Q�F�H�� �W�K�D�W�� �W�K�H�� �V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J�� �H�Y�H�Q�W�� �D�F�W�X�D�O�O�\�� �R�F�F�X�U�U�H�G�� �D�Q�G�� �G�R�H�V�� �Q�R�W��
�F�R�Q�V�L�G�H�U���W�K�H���T�X�D�O�L�W�\���R�I���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���S�D�V�W���H�Y�H�Q�W�����7�K�H���F�R�Q�I�L�G�H�Q�F�H���U�D�Q�N�L�Q�J�V���V�K�R�Z�Q��
�L�Q���7�D�E�O�H�����������L�O�O�X�V�W�U�D�W�H���W�K�D�W�����������W�K�D�W���W�K�H���K�L�J�K���F�R�Q�I�L�G�H�Q�F�H���H�Y�H�Q�W�V���D�U�H���W�K�H���0�5�(�V���L�Q���H�D�F�K���W�U�H�Q�F�K�����D�Q�G��
�������� �W�K�D�W�� �P�R�V�W���R�I�� �W�K�H���S�U�H�Y�L�R�X�V�O�\�� �L�G�H�Q�W�L�I�L�H�G�� �H�Y�H�Q�W�V���I�U�R�P�� �7�D�E�O�H�� ���������D�U�H���D�V�V�L�J�Q�H�G�� �D�� �O�R�Z���F�R�Q�I�L�G�H�Q�F�H��
�U�D�Q�N�L�Q�J���D�Q�G���D�U�H���Q�R�W���V�K�R�Z�Q���R�Q���7�D�E�O�H��������������

�%�H�O�R�Z���L�V���D���G�L�V�F�X�V�V�L�R�Q���R�I���H�D�F�K���R�I���W�K�H���P�R�G�H�U�D�W�H���W�R���K�L�J�K���F�R�Q�I�L�G�H�Q�F�H���H�Y�H�Q�W�V���D�Q�G���D���G�L�V�F�X�V�V�L�R�Q���R�I���R�W�K�H�U��
�G�D�W�D���S�H�U�W�L�Q�H�Q�W���W�R���W�K�H���W�K�U�H�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W���F�K�U�R�Q�R�O�R�J�\���S�U�H�V�H�Q�W�H�G���I�U�R�P���S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V�����:�R�Q�J���H�W��
�D�O�������������������/�H�Z�L�V�� �H�W���D�O������ �������������� �5�D�G�L�R�F�D�U�E�R�Q�� �D�J�H�V���U�H�S�R�U�W�H�G�� �E�\�� �0�F�&�D�O�S�L�Q�� ���������������������������������������D�U�H��
�F�D�O�L�E�U�D�W�H�G���K�H�U�H�L�Q���D�Q�G���U�H�S�R�U�W�H�G���L�Q���F�D�O���\�U���%���3�����V�R���W�K�H�V�H���G�D�W�H�V���F�D�Q���E�H���F�R�P�S�D�U�H�G���Z�L�W�K���3�K�D�V�H�������U�H�V�X�O�W�V����
�2�X�U���2�[�&�D�O���P�R�G�H�O�L�Q�J���R�I���W�K�H���0�5�(���W�L�P�L�Q�J���I�R�U���W�K�H�V�H���H�Y�H�Q�W�V���L�V���V�X�P�P�D�U�L�]�H�G���L�Q���7�D�E�O�H������������

������������ �3�D�M�D�U�L�W�R���)�D�X�O�W���±���6�L�W�H�V�����������������������������������������������D�����(�2�&���������D�Q�G���:�(�7�)�����&���%�R�U�H�K�R�O�H����

�3�D�V�W�� �V�W�X�G�L�H�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �W�K�D�W�� �U�H�S�R�U�W�� �H�Y�L�G�H�Q�F�H�� �R�I�� �O�D�W�H�� �3�O�H�L�V�W�R�F�H�Q�H�� �D�Q�G�� �+�R�O�R�F�H�Q�H��
�S�D�O�H�R�V�H�L�V�P�L�F���H�Y�H�Q�W�V���L�Q�F�O�X�G�H���0�F�&�D�O�S�L�Q�������������������������������������������5�H�Q�H�D�X���H�W���D�O�����������������������D�Q�G���*�D�U�G�Q�H�U���H�W��
�D�O���������������������)�L�J�X�U�H�������������������7�K�H���I�L�Q�G�L�Q�J�V���R�I���W�K�H�V�H���V�W�X�G�L�H�V�����D�Q�G���R�X�U���U�H���D�Q�D�O�\�V�L�V�����D�U�H���V�X�P�P�D�U�L�]�H�G���E�H�O�R�Z��������

���6�L�W�H�V���������������������������������������D�Q�G������ �����D�����0�F�&�D�O�S�L�Q������������������������������

�0�F�&�D�O�S�L�Q�����������������������������L�G�H�Q�W�L�I�L�H�G���H�Y�L�G�H�Q�F�H���I�R�U���D���O�L�N�H�O�\���O�D�W�H���+�R�O�R�F�H�Q�H���0�5�(���D�W���6�L�W�H�V��������������������������������
�������D�Q�G�����������D�����)�L�J�X�U�H���������������)�R�U���H�[�D�P�S�O�H�����W�K�H���V�L�W�H���Z�L�W�K���W�K�H���E�H�V�W���F�R�Q�V�W�U�D�L�Q�H�G���D�J�H���I�R�U���W�K�H���0�5�(���F�R�P�H�V��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�I�U�R�P�� �6�L�W�H�����������D�� �E�D�V�H�G�� �R�Q���R�X�U�� �U�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H�� �W�U�H�Q�F�K�� �O�R�J�V���I�U�R�P�� �0�F�&�D�O�S�L�Q�� ���������������� �Z�K�H�U�H��
�V�H�Y�H�U�D�O�������&���G�D�W�H�V���S�O�D�F�H���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(���E�H�W�Z�H�H�Q���a���������D�Q�G�����������N�D�����0�F�&�D�O�S�L�Q���������������������� �$�Q��
�2�[�&�D�O�� �P�R�G�H�O�� �G�H�Y�H�O�R�S�H�G�� �W�R�� �H�V�W�L�P�D�W�H�� �W�K�H�� �D�J�H�� �R�I�� �W�K�H�� �0�5�(�� �D�W�� �6�L�W�H�� ���������D���� �D�Q�G�� �Z�K�L�F�K�� �F�R�Q�V�L�G�H�U�V��
�H�[�L�V�W�L�Q�J�� �D�J�H���G�D�W�L�Q�J���D�Q�G�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �L�Q�I�R�U�P�D�W�L�R�Q���I�U�R�P�� �W�K�H�� �U�H���L�Q�W�H�U�S�U�H�W�H�G�� �O�R�J���R�I�� �W�U�H�Q�F�K�H�V�����������D����
�H�V�W�L�P�D�W�H�V���W�K�H���0�5�(���R�F�F�X�U�U�H�G���E�H�W�Z�H�H�Q�������������D�Q�G���������������F�D�O���\�U���%���3�������7�D�E�O�H�������������V�H�H���)�L�J�X�U�H���+�������L�Q��
�$�S�S�H�Q�G�L�[���+�������7�K�H���R�W�K�H�U�������������W�U�H�Q�F�K���V�L�W�H�V���R�I���0�F�&�D�O�S�L�Q�����������������������������������������D�U�H���F�R�Q�V�L�V�W�H�Q�W�����L�Q���S�D�U�W����
�Z�L�W�K���W�K�H�V�H���U�H�V�X�O�W�V���R�I���W�U�H�Q�F�K�����������D�����K�R�Z�H�Y�H�U���W�K�H���W�L�P�L�Q�J���D�Q�G���V�W�U�D�W�L�J�U�D�S�K�L�F���U�H�O�D�W�L�R�Q�V�K�L�S�V���R�I���W�K�H���0�5�(��
�I�U�R�P���W�K�H�V�H���R�W�K�H�U���W�U�H�Q�F�K�H�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���P�R�U�H���S�R�R�U�O�\���F�R�Q�V�W�U�D�L�Q�H�G�������$���V�X�P�P�D�U�\���R�I���W�K�H���0�5�(���W�L�P�L�Q�J��
�I�U�R�P���W�K�H�V�H���S�U�H�Y�L�R�X�V���W�U�H�Q�F�K���V�L�W�H�V���L�V���S�U�R�Y�L�G�H�G���E�H�O�R�Z��������

�x�� �$�W���6�L�W�H�������������F�D�O�L�E�U�D�W�H�G���U�D�G�L�R�F�D�U�E�R�Q���D�J�H�V���I�U�R�P���W�K�H���F�R�O�O�X�Y�L�X�P���V�X�J�J�H�V�W���W�K�H���0�5�(���R�F�F�X�U�U�H�G��
�E�H�I�R�U�H���������� �����W�R���������������F�D�O���\�U���%���3���������������F�R�Q�I�L�G�H�Q�F�H���O�L�P�L�W�������0�F�&�D�O�S�L�Q���������������������7�K�L�V���D�J�H��
�R�Y�H�U�O�D�S�V���Z�L�W�K���W�K�H���D�J�H���U�D�Q�J�H���R�I���W�K�H���0�5�(���D�W���6�L�W�H�����������D�����D�O�W�K�R�X�J�K���W�K�H���D�F�W�X�D�O���H�Y�H�Q�W���D�J�H���D�W��
�6�L�W�H�������������F�R�X�O�G���E�H���\�R�X�Q�J�H�U���E�H�F�D�X�V�H���W�K�H���F�K�D�U�F�R�D�O���G�D�W�H�V���D�U�H���W�K�H���P�D�[�L�P�X�P���D�J�H�V���I�R�U���W�K�H��
�K�R�V�W���V�H�G�L�P�H�Q�W������

�x�� �6�L�W�H�������������\�L�H�O�G�H�G���H�Y�L�G�H�Q�F�H���I�R�U���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(���W�R���K�D�Y�H���R�F�F�X�U�U�H�G���V�O�L�J�K�W�O�\���E�H�I�R�U�H����������
�N�D�����0�F�&�D�O�S�L�Q������������������

�x�� �6�L�W�H�������������\�L�H�O�G�H�G���H�Y�L�G�H�Q�F�H���I�R�U���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(���W�R���K�D�Y�H���R�F�F�X�U�U�H�G���P�R�V�W���O�L�N�H�O�\���D�I�W�H�U��
���������N�D�����0�F�&�D�O�S�L�Q��������������������

�(�Y�H�Q�W���W�L�P�L�Q�J���I�R�U���6�L�W�H�V�������������D�Q�G�������������D�U�H���G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q�����������E�H�O�R�Z����

���(�2�&�������6�L�W�H�����5�H�Q�H�D�X���H�W���D�O������������������

�$�J�H���F�R�Q�V�W�U�D�L�Q�W�V���R�Q���W�K�H���0�5�(���I�R�U���W�K�H���(�2�&�������V�L�W�H�����O�R�F�D�W�H�G���R�Q���D�Q���D�Q�W�L�W�K�H�W�L�F���W�U�D�F�H���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W����
�\�L�H�O�G���D�Q���D�J�H���U�D�Q�J�H���E�H�W�Z�H�H�Q���D�E�R�X�W�����������D�Q�G�����������N�D�����R�U���D�O�W�H�U�Q�D�W�L�Y�H�O�\���D�I�W�H�U�����������N�D���Z�L�W�K���Q�R���P�L�Q�L�P�X�P��
�D�J�H���F�R�Q�V�W�U�D�L�Q�W�����)�L�J�X�U�H�������������7�D�E�O�H�����������������7�K�H���T�X�D�O�L�W�\���R�I���W�K�H���H�Y�L�G�H�Q�F�H���I�R�U���W�K�H���0�5�(���D�W���6�L�W�H���(�2�&�������L�V��
�F�R�Q�V�L�G�H�U�H�G���W�R���E�H���P�R�G�H�U�D�W�H���Z�L�W�K���W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�D�W���X�Q�F�H�U�W�D�L�Q�W�L�H�V���H�[�L�V�W���Z�L�W�K���W�K�H���G�D�W�D�����7�D�E�O�H������
�����������%�D�V�H�G���R�Q���D���U�H�Y�L�H�Z���R�I���W�K�H���5�H�Q�H�D�X���H�W���D�O������������������ �(�2�&�������W�U�H�Q�F�K���O�R�J�����W�K�H���0�5�(���R�I�I�V�H�W�V���W�K�H���E�D�V�H��
�R�I���8�Q�L�W���4�F�������+�R�O�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P���������8�Q�L�W���4�F�����R�Y�H�U�O�L�H�V���8�Q�L�W���4�F�������+�R�O�R�F�H�Q�H�����"�����F�R�O�O�X�Y�L�X�P�����W�R���W�K�H���H�D�V�W��
�R�I���W�K�H���I�D�X�O�W�����$���U�D�G�L�R�F�D�U�E�R�Q���V�D�P�S�O�H���I�U�R�P���4�F�����\�L�H�O�G�H�G���D���F�D�O�L�E�U�D�W�H�G���D�J�H���R�I���������������W�R���������� �����F�D�O���\�U���%���3������
�Z�K�L�F�K���S�U�R�Y�L�G�H�V���D���P�D�[�L�P�X�P���D�J�H���F�R�Q�V�W�U�D�L�Q�W���I�R�U���W�K�H���0�5�(�����5�H�Q�H�D�X���H�W���D�O�������������������L�Q�W�H�U�S�U�H�W�H�G���I�D�X�O�W�L�Q�J��
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���0�5�(���D�V���S�U�R�M�H�F�W�L�Q�J���L�Q�W�R���D�Q�G���R�I�I�V�H�W�W�L�Q�J���W�K�H���E�D�V�H���R�I���4�F�������L���H�������H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U��
�8�W�D�������\�H�W���L�W���G�R�H�V���Q�R�W���R�I�I�V�H�W���W�K�H���E�D�V�H���R�I���W�K�H���D�U�J�L�O�O�L�F���V�R�L�O�����%�W���K�R�U�L�]�R�Q�����G�H�Y�H�O�R�S�H�G���L�Q���8�Q�L�W���4�F�����������7�K�H��
�D�J�H���R�I���W�K�H���%�W���K�R�U�L�]�R�Q���L�V���F�R�Q�V�W�U�D�L�Q�H�G���R�Q�O�\���E�\���W�K�H���D�J�H���R�I���W�K�H���X�Q�G�H�U�O�\�L�Q�J���8�Q�L�W���4�F�������������������������������F�D�O��
�\�U���%���3�����D�Q�G���W�K�H���R�Y�H�U�O�\�L�Q�J���+�R�O�R�F�H�Q�H���D�O�O�X�Y�L�X�P�����8�Q�L�W���4�I���E�����O�R�F�D�W�H�G���G�L�U�H�F�W�O�\���D�E�R�Y�H���W�K�H���%�W���K�R�U�L�]�R�Q���L�Q��
�W�K�H�� �F�H�Q�W�U�D�O�� �S�D�U�W�� �R�I�� �W�K�H�� �W�U�H�Q�F�K���� �5�H�Q�H�D�X�� �H�W�� �D�O���� �������������� �U�H�S�R�U�W�� �D�������&�� �G�D�W�H�� �I�U�R�P�� �8�Q�L�W�� �4�I���E�� �Z�L�W�K���D��
�F�D�O�L�E�U�D�W�H�G���D�J�H���R�I���������������������������F�D�O���\�U���%���3�������8�V�L�Q�J���W�K�H�V�H���D�J�H���F�R�Q�V�W�U�D�L�Q�W�V�����W�K�H���2�[�&�D�O���P�R�G�H�O�H�G���0�5�(��
�U�D�Q�J�H�V���I�U�R�P���������������W�R���������������F�D�O���\�U���%���3���������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�������7�D�E�O�H�������������D�O�V�R���V�H�H���)�L�J�X�U�H���+������
�L�Q���$�S�S�H�Q�G�L�[���+����������

�+�R�Z�H�Y�H�U�����D�Q���D�O�W�H�U�Q�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���L�V���S�R�V�V�L�E�O�H���I�R�U���W�K�H���0�5�(���D�W���W�K�H���(�2�&�������V�L�W�H�����5�H�Q�H�D�X���H�W���D�O����
�������������� �D�F�N�Q�R�Z�O�H�G�J�H�� �W�K�D�W�� �I�D�X�O�W�L�Q�J�� �Z�L�W�K�L�Q�� �W�K�H�� �X�S�S�H�U�� �S�R�U�W�L�R�Q�V�� �R�I�� �8�Q�L�W�� �4�F���� �D�Q�G�� �W�K�H�� �%�W���K�R�U�L�]�R�Q��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�G�H�Y�H�O�R�S�H�G���L�Q���4�F�����P�D�\���K�D�Y�H���E�H�H�Q���R�E�V�F�X�U�H�G���E�\���E�L�R�W�X�U�E�D�W�L�R�Q���D�Q�G�� �W�K�D�W���8�Q�L�W���4�I���E���G�R�H�V���Q�R�W���R�Y�H�U�O�L�H��
�8�Q�L�W���4�F�����D�E�R�Y�H���W�K�H���\�R�X�Q�J�H�V�W���I�D�X�O�W�L�Q�J�����7�K�X�V�����Z�H���E�H�O�L�H�Y�H���D���U�H�D�V�R�Q�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���L�V��
�W�K�D�W���W�K�H���0�5�(���R�F�F�X�U�U�H�G���D�W���W�K�H���(�&�2�������6�L�W�H���D�I�W�H�U���a���������N�D���Z�L�W�K���Q�R���E�R�X�Q�G�L�Q�J���P�L�Q�L�P�X�P���D�J�H���F�R�Q�V�W�U�D�L�Q�W��������

���:�(�7�) �����&���%�R�U�H�K�R�O�H��

�*�D�U�G�Q�H�U���H�W�� �D�O���� ���������������D�Q�G�� �/�H�Z�L�V�� �H�W�� �D�O���� �������������� �L�Q�W�H�U�S�U�H�W�� �P�X�O�W�L�S�O�H���I�D�X�O�W�L�Q�J�� �H�Y�H�Q�W�V���D�F�U�R�V�V���D�Q���H�D�V�W��
�G�L�S�S�L�Q�J���Q�R�U�P�D�O���I�D�X�O�W���R�Q���W�K�H���E�D�V�L�V���R�I���K�L�J�K���U�H�V�R�O�X�W�L�R�Q���P�D�S�S�L�Q�J���D�Q�G���D�Q�D�O�\�V�L�V���R�I���D���G�U�L�O�O���K�R�O�H�����:�(�7�)��
���&�����D�W���6�L�W�H���7�$�����������)�L�J�X�U�H���������������7�K�H���:�(�7�)�����&���U�H�V�X�O�W�V���D�Q�G���F�R�Q�F�O�X�V�L�R�Q�V���I�U�R�P���*�D�U�G�Q�H�U���H�W���D�O������������������
�Z�H�U�H���V�\�Q�W�K�H�V�L�]�H�G���D�Q�G���S�U�H�V�H�Q�W�H�G���L�Q���:�R�Q�J���H�W���D�O���������������������D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���S�X�E�O�L�V�K�H�G���L�Q���/�H�Z�L�V���H�W��
�D�O���� ���������������� �7�K�H�V�H�� �V�W�X�G�L�H�V�� �L�Q�I�H�U�� �W�K�U�H�H�� �O�D�W�H�� �3�O�H�L�V�W�R�F�H�Q�H�� �W�R�� �+�R�O�R�F�H�Q�H�� �H�Y�H�Q�W�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W��
�E�D�V�H�G�� �R�Q�� �L�Q�W�H�U�S�U�H�W�H�G�� �I�D�X�O�W�� �]�R�Q�H�� �I�D�E�U�L�F�� �H�Q�F�R�X�Q�W�H�U�H�G�� �L�Q�� �W�K�H�� �E�R�U�H�K�R�O�H�� �D�Q�G�� �G�D�W�L�Q�J�� �R�I�� �F�K�D�U�F�R�D�O��
�V�D�P�S�O�H�V�����/�H�Z�L�V���H�W���D�O�������������������L�Q�W�H�U�S�U�H�W���H�Y�L�G�H�Q�F�H���I�R�U���I�D�X�O�W���]�R�Q�H���I�D�E�U�L�F���L�Q���W�K�H���E�R�U�H�K�R�O�H���L�Q�F�O�X�G�L�Q�J���W�K�H��
�S�U�H�V�H�Q�F�H�� �R�I�� �F�O�D�\���U�L�F�K�� �V�H�G�L�P�H�Q�W�� �H�Q�F�R�X�Q�W�H�U�H�G�� �D�W�� �D�� �G�H�S�W�K�� �R�I�� �a���������� �P�� �W�K�D�W�� �H�[�K�L�E�L�W�V�� �D�� �V�W�U�R�Q�J�� �a�����ƒ��
�L�Q�F�O�L�Q�H�G�� �I�R�O�L�D�W�L�R�Q���� �/�H�Z�L�V�� �H�W�� �D�O���� �������������� �D�O�V�R�� �L�Q�W�H�U�S�U�H�W���³�O�D�P�L�Q�D�W�H�G�� �V�H�G�L�P�H�Q�W�V�� �L�Q�� �W�K�H�� �O�R�Z�H�U�� �S�D�U�W�� �R�I��
�E�R�U�H�K�R�O�H�����&�����)�L�J�����������D�V���K�D�Y�L�Q�J���E�H�H�Q���G�H�S�R�V�L�W�H�G���L�Q���I�O�R�Z�L�Q�J���D�Q�G���S�R�Q�G�H�G���Z�D�W�H�U���L�Q���D�Q���R�S�H�Q���I�L�V�V�X�U�H��
�F�U�H�D�W�H�G���E�\���G�L�S���V�O�L�S���D�Q�G���R�S�H�Q�L�Q�J�����G�L�O�D�W�L�R�Q�����R�Q���D���K�L�J�K���D�Q�J�O�H���Q�R�U�P�D�O���I�D�X�O�W�´�����S���������������/�H�Z�L�V���H�W���D�O��������������������
�%�D�V�H�G�� �R�Q�� �W�K�L�V�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �P�R�G�H�O�� �I�U�R�P�� �:�(�7�)�����&�����/�H�Z�L�V�� �H�W�� �D�O���� �������������� �L�Q�W�H�U�S�U�H�W�� �W�K�U�H�H�� �O�D�W�H��
�3�O�H�L�V�W�R�F�H�Q�H���W�R���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J�������������W�K�H���I�L�U�V�W���I�D�X�O�W�L�Q�J���H�Y�H�Q�W���S�U�L�R�U���W�R���������N�D�������������V�H�F�R�Q�G��
�H�Y�H�Q�W���R�F�F�X�U�U�L�Q�J���E�H�W�Z�H�H�Q���������D�Q�G�������N�D�����D�Q�G�����������W�K�H���W�K�L�U�G���H�Y�H�Q�W���R�F�F�X�U�U�L�Q�J���E�H�I�R�U�H���������N�D�����/�H�Z�L�V���H�W���D�O������
��������������

�%�D�V�H�G���R�Q���W�K�H���G�D�W�D���S�U�H�V�H�Q�W�H�G���E�\���*�D�U�G�Q�H�U���H�W���D�O�������������������D�Q�G���/�H�Z�L�V���H�W���D�O���������������������D�Q�G���R�X�U���D�Q�D�O�\�V�L�V��
�R�I�� �W�K�L�V�� �H�[�L�V�W�L�Q�J�� �G�D�W�D���� �Z�H�� �E�H�O�L�H�Y�H�� �W�K�H�� �W�K�U�H�H�� �S�D�O�H�R�V�H�L�V�P�L�F�� �H�Y�H�Q�W�V�� �L�Q�I�H�U�U�H�G�� �I�U�R�P�� �W�K�H�� �:�(�7�)�����&��
�E�R�U�H�K�R�O�H�� �D�U�H�� �V�S�H�F�X�O�D�W�L�Y�H���� �S�R�R�U�O�\�� �F�R�Q�V�W�U�D�L�Q�H�G���� �D�Q�G�� �O�D�F�N�� �G�L�U�H�F�W�� �H�Y�L�G�H�Q�F�H�� �W�R�� �V�X�S�S�R�U�W�� �D�� �I�D�X�O�W�L�Q�J��
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �\�R�X�Q�J�H�U�� �V�H�G�L�P�H�Q�W���� �2�W�K�H�U�� �U�H�Y�L�H�Z�� �W�H�D�P�V�� ���(�5�&���� ������������ �8�6�&���� ������������ �F�D�P�H�� �W�R��
�V�L�P�L�O�D�U���F�R�Q�F�O�X�V�L�R�Q�V���D�V���G�L�G���:�R�Q�J���H�W���D�O�������������������Z�K�R���U�H�S�R�U�W���W�K�D�W���W�K�L�V���H�Y�L�G�H�Q�F�H���I�R�U���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���L�V��
�D�P�E�L�J�X�R�X�V�����%�D�V�H�G���R�Q���R�X�U���G�H�W�D�L�O�H�G���F�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I���W�K�H�V�H���G�D�W�D�����Z�H���E�H�O�L�H�Y�H���W�K�H���:�(�7�)�����&���H�Y�H�Q�W��
�F�K�U�R�Q�R�O�R�J�\���U�H�S�U�H�V�H�Q�W�V���D�Q���R�X�W�O�L�H�U���S�U�R�S�R�Q�H�Q�W���P�R�G�H�O���W�K�D�W���L�V���X�Q�V�X�S�S�R�U�W�H�G���E�\���D�Y�D�L�O�D�E�O�H���G�D�W�D�����L�V���R�X�W�V�L�G�H��
�W�K�H���U�D�Q�J�H���R�I���W�H�F�K�Q�L�F�D�O�O�\���G�H�I�H�Q�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�����D�Q�G���W�K�X�V�����L�V���U�H�P�R�Y�H�G���I�U�R�P���I�X�U�W�K�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q��
�K�H�U�H�L�Q���D�Q�G���6�H�F�W�L�R�Q��������

������������ �*�X�D�M�H���0�R�X�Q�W�D�L�Q���)�D�X�O�W���±���&�K�X�S�D�G�H�U�R�V���D�Q�G���&�D�E�U�D���&�D�Q�\�R�Q���6�L�W�H�V�����*�D�U�G�Q�H�U���H�W���D�O������������������
������������

�$�O�R�Q�J���W�K�H���*�0�)���W�Z�R���S�U�H�Y�L�R�X�V���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���Z�H�U�H���F�R�Q�V�L�G�H�U�H�G���I�R�U���U�H���D�Q�D�O�\�V�L�V�������&�K�X�S�D�G�H�U�R�V��
�&�D�Q�\�R�Q���D�Q�G���&�D�E�U�D���&�D�Q�\�R�Q���V�L�W�H�V�����)�L�J�X�U�H�����������������$�W���W�K�H���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H�����V�H�Y�H�U�D�O���W�U�H�Q�F�K�H�V��
�S�U�R�Y�L�G�H���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O���H�Y�L�G�H�Q�F�H���I�R�U���W�K�H���0�5�(�������5�D�G�L�R�F�D�U�E�R�Q���V�D�P�S�O�H�V���D�Q�G���W�K�H���2�[�&�D�O��
�P�R�G�H�O�� �G�H�Y�H�O�R�S�H�G�� �I�R�U�� �W�K�L�V�� �3�K�D�V�H�� ���� �V�W�X�G�\�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�� �0�5�(�� �R�F�F�X�U�U�H�G�� �D�I�W�H�U�� ���������� �N�D�� �D�W�� �W�K�H��
�&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H�����7�D�E�O�H�������������D�O�V�R���V�H�H���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���2�[�&�D�O���0�R�G�H�O�����$�S�S�H�Q�G�L�[���+����
���)�L�J�X�U�H�� ���������� ���*�D�U�G�Q�H�U�� �H�W�� �D�O������ �������������� �� �$�W�� �W�K�H�� �&�D�E�U�D�� �&�D�Q�\�R�Q�� �V�L�W�H�� ���O�D�E�H�O�H�G�� �6�+�7������ �R�Q�� �)�L�J�X�U�H�� ����������
�O�R�F�D�W�H�G���W�R���W�K�H���V�R�X�W�K���R�I���W�K�H���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H�����D���V�L�Q�J�O�H���W�U�H�Q�F�K���H�[�F�D�Y�D�W�H�G���D�F�U�R�V�V���D���Z�H�V�W��
�I�D�F�L�Q�J�� �V�F�D�U�S�� �H�[�S�R�V�H�G�� �D�� �E�U�R�D�G�� �I�D�X�O�W�� �]�R�Q�H�� �D�Q�G�� �S�U�R�Y�L�G�H�G�� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �W�Z�R�� �H�Y�H�Q�W�V�� ���7�D�E�O�H�� ����������
���*�D�U�G�Q�H�U���H�W���D�O�����������������������������������7�K�H���D�J�H���R�I���W�K�H���0�5�(���L�V���F�R�Q�V�W�U�D�L�Q�H�G���E�H�W�Z�H�H�Q���D�E�R�X�W�����������D�Q�G�����������N�D��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�E�D�V�H�G���R�Q���U�D�G�L�R�F�D�U�E�R�Q���G�D�W�D���D�Q�G���2�[�&�D�O���P�R�G�H�O�L�Q�J�����V�H�H���&�D�E�U�D���&�D�Q�\�R�Q���2�[�&�D�O���P�R�G�H�O�����$�S�S�H�Q�G�L�[���+����
���)�L�J�X�U�H�V�������������7�D�E�O�H�������������������7�K�H���D�J�H���R�I���W�K�H���0�5�(���D�W���&�D�E�U�D���&�D�Q�\�R�Q���L�V���F�R�Q�V�L�V�W�H�Q�W�����L�Q���S�D�U�W�����Z�L�W�K���W�K�H��
�O�H�V�V���Z�H�O�O���F�R�Q�V�W�U�D�L�Q�H�G���0�5�(���R�I���W�K�H���&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q���V�L�W�H���R�I���D�I�W�H�U�������������N�D�����7�D�N�H�Q���W�R�J�H�W�K�H�U�����W�K�H��
�V�L�P�S�O�H���H�[�S�O�D�Q�D�W�L�R�Q���L�V���W�K�D�W���W�K�H���*�0�)���U�X�S�W�X�U�H�G���L�Q���W�K�H���P�L�G�G�O�H���+�R�O�R�F�H�Q�H���D�E�R�X�W���������������\�H�D�U�V���D�J�R�����Z�K�L�F�K��
�L�V�� �F�R�Q�V�L�G�H�U�D�E�O�\�� �R�O�G�H�U�� �W�K�D�Q�� �W�K�H�� �0�5�(�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �Q�H�D�U�� �/�$�1�/�� ���)�L�J�X�U�H�� ������������ �� �:�H�� �D�O�V�R��
�D�F�N�Q�R�Z�O�H�G�J�H���W�K�D�W���D�O�O���W�K�H���U�D�G�L�R�F�D�U�E�R�Q���D�J�H�V���I�R�U���W�K�H�V�H���V�L�W�H�V���U�H�S�U�H�V�H�Q�W���P�D�[�L�P�X�P���D�J�H�V���I�R�U���W�K�H���K�R�V�W��
�V�H�G�L�P�H�Q�W�����W�K�X�V���L�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(���F�R�X�O�G���E�H���\�R�X�Q�J�H�U���W�K�D�Q���W�K�D�W���L�Q�I�H�U�U�H�G���E�\���W�K�H��
�2�[�&�D�O���P�R�G�H�O�H�G���D�J�H����

������������ �5�H�Q�G�L�M�D�� �&�D�Q�\�R�Q�� �I�D�X�O�W�� �±�� �*�X�D�M�H�� �3�L�Q�H�V�� �D�Q�G�� �&�R�X�Q�W�\�� �/�D�Q�G�I�L�O�O�� �6�L�W�H�V�� ���:�R�Q�J�� �H�W�� �D�O������ ������������
�.�H�O�V�R�Q���H�W���D�O������������������

�7�K�H���*�X�D�M�H���3�L�Q�H�V���D�Q�G���&�R�X�Q�W�\���/�D�Q�G�I�L�O�O���S�D�O�H�R�V�H�L�V�P�L�F���V�L�W�H�V���S�U�R�Y�L�G�H���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���+�R�O�R�F�H�Q�H���I�D�X�O�W�L�Q�J��
�R�Q���W�K�H���5�H�Q�G�L�M�D���&�D�Q�\�R�Q���I�D�X�O�W�����)�L�J�X�U�H�������������7�D�E�O�H���������������:�R�Q�J���H�W���D�O�������������������.�H�O�V�R�Q���H�W���D�O�����������������������2�Q�O�\��
�W�K�H���*�X�D�M�H���3�L�Q�H�V���V�L�W�H���\�L�H�O�G�H�G���X�V�H�I�X�O���F�K�U�R�Q�R�O�R�J�L�F���L�Q�I�R�U�P�D�W�L�R�Q�����Z�L�W�K���V�H�Y�H�Q���7�/���D�Q�G���W�K�U�H�H�������&���G�D�W�H�V����
�Z�L�W�K���W�K�H���7�/���G�D�W�H�V���E�H�L�Q�J���V�L�J�Q�L�I�L�F�D�Q�W�O�\���R�O�G�H�U���W�K�D�Q���W�K�H�������&���G�D�W�H�V�������$�V���G�H�V�F�U�L�E�H�G���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I��
�6�H�F�W�L�R�Q�������������Z�H���E�H�O�L�H�Y�H���W�K�H���7�/���G�D�W�L�Q�J���W�H�F�K�Q�L�T�X�H���L�V���Q�R�W���U�H�O�L�D�E�O�H���D�Q�G�����W�K�H�U�H�I�R�U�H�����Z�H���S�U�H�I�H�U���W�K�H������ �&��
�G�D�W�H�V���W�R���F�R�Q�V�W�U�D�L�Q���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(�������5�D�G�L�R�F�D�U�E�R�Q���D�J�H�V���R�Q���G�H�W�U�L�W�D�O���F�K�D�U�F�R�D�O���I�U�R�P���D���G�H�S�R�V�L�W��
�R�Y�H�U�O�\�L�Q�J���D�Q���L�Q�I�H�U�U�H�G���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���0�5�(���D�W���W�K�H���*�X�D�M�H���3�L�Q�H�V���V�L�W�H���\�L�H�O�G�H�G���D�Q��
�D�J�H�� �R�I�� �D�E�R�X�W�� �������� �N�D�� ���7�D�E�O�H�� ������������ �.�H�O�V�R�Q�� �H�W�� �D�O���� �������������� �F�R�Q�F�O�X�G�H�� �W�K�D�W�� �W�K�H�� �H�Y�H�Q�W�� �R�F�F�X�U�U�H�G�� �D�W��
�D�S�S�U�R�[�L�P�D�W�H�O�\�������N�D�����%�D�V�H�G���R�Q���W�K�H�V�H���G�D�W�D�����:�R�Q�J���H�W���D�O�������������������L�Q�W�H�U�S�U�H�W���W�K�H���0�5�(���W�R���E�H�����������N�D���R�U��
�R�O�G�H�U������

�7�D�N�H�Q���D�W���I�D�F�H���Y�D�O�X�H�����W�K�H�V�H���U�D�G�L�R�F�D�U�E�R�Q���G�D�W�H�V���V�X�J�J�H�V�W���D�Q���H�D�U�O�\���+�R�O�R�F�H�Q�H���D�J�H���I�R�U���W�K�H���0�5�(���R�Q���W�K�H��
�5�&�)���W�K�D�W���L�V���R�O�G�H�U���W�K�D�Q���W�K�H���0�5�(���R�Q���W�K�H���*�0�)�����)�L�J�X�U�H�� ���������������+�R�Z�H�Y�H�U�����E�H�F�D�X�V�H���G�H�W�U�L�W�D�O���F�K�D�U�F�R�D�O��
�K�D�V���D�Q���X�Q�N�Q�R�Z�Q���U�H�V�L�G�H�Q�F�H���W�L�P�H���R�Q���W�K�H���O�D�Q�G�V�F�D�S�H���E�H�I�R�U�H���E�H�L�Q�J���L�Q�F�R�U�S�R�U�D�W�H�G���L�Q�W�R���W�K�H���G�H�S�R�V�L�W�����W�K�H��
�U�D�G�L�R�F�D�U�E�R�Q�� �G�D�W�H�V�� �F�R�X�O�G�� �E�H�� �F�R�Q�V�L�G�H�U�H�G�� �D�� �P�D�[�L�P�X�P�� �D�J�H�� �I�R�U�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �W�K�H�� �0�5�(���� �,�Q�� �W�K�L�V��
�D�O�W�H�U�Q�D�W�L�Y�H�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����W�K�H�� �0�5�(�� �R�Q�� �W�K�H�� �5�&�)�� �F�R�X�O�G���E�H�� �O�H�V�V�� �W�K�D�Q�� �������� �N�D�����D�Q�G�� �S�R�V�V�L�E�O�\���E�H���W�K�H��
�V�D�P�H���D�J�H���D�V���W�K�H���0�5�(���R�Q���W�K�H���*�0�)����

���������6�8�0�0�$�5�<���2�)���6�,�7�(���������������6�,�7�(���%�����$�1�'������ ���������6�,�7�(���&�����7�5�(�1�&�+���' �$�7�$��

�6�L�W�H�V�������������D�Q�G�������������L�Q�Y�H�V�W�L�J�D�W�H�G���E�\���0�F�&�D�O�S�L�Q�����������������������������D�U�H���O�R�F�D�W�H�G���L�Q���W�K�H���J�H�Q�H�U�D�O���Y�L�F�L�Q�L�W�\���R�I��
�6�L�W�H�V���%���D�Q�G���&���R�I���R�X�U���F�X�U�U�H�Q�W���3�K�D�V�H�������V�W�X�G�\�����U�H�V�S�H�F�W�L�Y�H�O�\�����)�L�J�X�U�H�����������������5�H�V�X�O�W�V���I�U�R�P���W�K�H���0�F�&�D�O�S�L�Q��
�V�W�X�G�\���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W�����������D���S�U�L�P�D�U�\���V�W�U�D�Q�G���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���L�V���S�U�H�V�H�Q�W���D�Q�G���U�X�S�W�X�U�H���R�Q���W�K�H��
�I�D�X�O�W�� �O�L�N�H�O�\�� �U�H�D�F�K�H�G�� �W�K�H�� �J�U�R�X�Q�G�� �V�X�U�I�D�F�H���� �D�Q�G�� �������� �O�D�W�H�� �3�O�H�L�V�W�R�F�H�Q�H�� �D�Q�G�� �+�R�O�R�F�H�Q�H�� �G�H�S�R�V�L�W�V�� �D�U�H��
�S�U�H�V�H�Q�W���L�Q���W�K�H���V�L�W�H���D�U�H�D���I�U�R�P���Z�K�L�F�K���W�R���H�Y�D�O�X�D�W�H���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�V���R�Q���W�K�H��
�I�D�X�O�W�����7�K�X�V�����U�H�V�X�O�W�V���I�U�R�P���W�K�H���H�D�U�O�L�H�U���0�F�&�D�O�S�L�Q���V�W�X�G�\���Z�H�U�H���X�V�H�G�����L�Q���S�D�U�W�����W�R���D�V�V�L�V�W���L�Q���R�X�U���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q��
�R�I���W�U�H�Q�F�K���O�R�F�D�W�L�R�Q�V���D�W���6�L�W�H�V���%���D�Q�G���&�����%�H�F�D�X�V�H���R�I���W�K�H�L�U���L�P�S�R�U�W�D�Q�F�H���W�R���R�X�U���F�X�U�U�H�Q�W���3�K�D�V�H�������V�W�X�G�\���D�W��
�6�L�W�H�V���%���D�Q�G���&�����L�Q���W�K�L�V���V�H�F�W�L�R�Q�����Z�H���S�U�R�Y�L�G�H���D���P�R�U�H���G�H�W�D�L�O�H�G���U�H�Y�L�H�Z���D�Q�G���U�H���H�Y�D�O�X�D�W�L�R�Q���R�I���W�K�H���R�U�L�J�L�Q�D�O��
�W�U�H�Q�F�K�H�V���H�[�F�D�Y�D�W�H�G���D�W���W�K�H�V�H���V�L�W�H�V������



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

������������ �7�U�H�Q�F�K���������������0�F�&�D�O�S�L�Q����������������������������

�$�W���6�L�W�H���%�����0�F�&�D�O�S�L�Q�����������������H�[�F�D�Y�D�W�H�G���W�U�H�Q�F�K�������������D�F�U�R�V�V���W�K�H���S�U�R�M�H�F�W�L�R�Q���R�I���D���E�H�G�U�R�F�N���I�D�X�O�W���V�W�U�D�Q�G��
�H�[�S�R�V�H�G���L�Q���D�Q���D�U�U�R�\�R���G�L�U�H�F�W�O�\���W�R���W�K�H���Q�R�U�W�K���R�I���W�K�H���W�U�H�Q�F�K�����)�L�J�X�U�H�V�����������D�Q�G�����������������7�K�H���W�U�H�Q�F�K���H�[�S�R�V�H�G��
�D�� �E�U�R�D�G�� �]�R�Q�H�� �R�I�� �I�D�X�O�W�L�Q�J�� �Z�L�W�K�� �O�L�P�L�W�H�G�� �D�J�H�� �F�R�Q�W�U�R�O�� �G�D�W�D�� �R�Q�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �W�K�H�� �0�5�(���� �� �7�U�H�Q�F�K�� ����������
�H�[�S�R�V�H�G���V�K�D�O�O�R�Z���%�D�Q�G�H�O�L�H�U���7�X�I�I���������������������P���E�H�O�R�Z���W�K�H���J�U�R�X�Q�G���V�X�U�I�D�F�H�����L�Q���W�K�H���I�R�R�W�Z�D�O�O�����D�Q�G���D�V���P�X�F�K��
�D�V�� �������� �P�� �R�I�� �F�R�O�O�X�Y�L�X�P�� �D�Q�G�� �D�O�O�X�Y�L�X�P���� �D�Q�G�� �V�H�Y�H�U�D�O�� �E�X�U�L�H�G�� �V�R�L�O�� �K�R�U�L�]�R�Q�V�� ���%���K�R�U�L�]�R�Q�V���� �L�Q�� �W�K�H��
�G�R�Z�Q�W�K�U�R�Z�Q�� �K�D�Q�J�L�Q�J�� �Z�D�O�O�� �R�I�� �W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����)�L�J�X�U�H�V������������ �����������D�Q�G�� ���������� ���0�F�&�D�O�S�L�Q�������������������� �(�O��
�&�D�M�H�W�H���S�X�P�L�F�H�����4�H�F�����Z�D�V���Q�R�W���H�[�S�R�V�H�G���L�Q���W�K�H���W�U�H�Q�F�K�������,�Q���D�Q���D�U�U�R�\�R���Q�R�U�W�K���R�I���W�K�H���W�U�H�Q�F�K�����0�F�&�D�O�S�L�Q����������������
�P�D�S�S�H�G���W�Z�R���G�R�Z�Q���W�R���W�K�H���H�D�V�W�� �Y�H�U�W�L�F�D�O�� �V�W�H�S�V�� �L�Q�� �E�H�G�U�R�F�N�� �W�K�D�W�� �V�W�U�L�N�H���1����°�(���D�Q�G�� �G�L�S�� ����°���H�D�V�W���� �%�H�G�U�R�F�N��
�H�[�W�H�Q�G�V���E�H�Q�H�D�W�K���F�R�D�U�V�H���J�U�D�L�Q�H�G���D�O�O�X�Y�L�D�O���G�H�S�R�V�L�W�V���I�D�U�W�K�H�U���W�R���W�K�H���H�D�V�W�����)�L�J�X�U�H���������������7�K�H�V�H���E�H�G�U�R�F�N���V�W�H�S�V��
�Z�H�U�H�� �L�Q�W�H�U�S�U�H�W�H�G�� �E�\�� �0�F�&�D�O�S�L�Q�� �������������� �D�V�� �G�L�V�F�U�H�W�H�� �H�U�R�G�H�G�� �I�D�X�O�W�� �V�X�U�I�D�F�H�V�� ���I�U�H�H�� �I�D�F�H�V���� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��
�S�U�L�P�D�U�\�� �I�D�X�O�W�L�Q�J�� �D�O�R�Q�J�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W���� �D�Q�G�� �J�H�Q�H�U�D�O�O�\�� �F�R�L�Q�F�L�G�H�� �Z�L�W�K�� �I�D�X�O�W�V�� �H�[�S�R�V�H�G�� �L�Q�� �W�U�H�Q�F�K�� ����������
���0�F�&�D�O�S�L�Q���������������������0�X�O�W�L�S�O�H���I�D�X�O�W���W�U�D�F�H�V���D�U�H���H�[�S�R�V�H�G���L�Q���W�U�H�Q�F�K�������������W�K�D�W�����I�U�R�P���H�D�V�W���W�R���Z�H�V�W�����L�Q�F�O�X�G�H��
�)�D�X�O�W���$�����Z�K�L�F�K���G�L�V�S�O�D�F�H�V���%�D�Q�G�H�O�L�H�U���7�X�I�I���G�R�Z�Q���W�R���W�K�H���H�D�V�W�����D�Q�G���)�D�X�O�W�V���%�����&�����D�Q�G���'�����Z�K�L�F�K���F�R�L�Q�F�L�G�H��
�Z�L�W�K���Q�D�U�U�R�Z���E�H�G�U�R�F�N���J�U�D�E�H�Q���V�W�U�X�F�W�X�U�H�V���L�Q���W�K�H���Z�H�V�W�H�U�Q���S�D�U�W�V���R�I���W�K�H���W�U�H�Q�F�K�����)�L�J�X�U�H�V�����������D�Q�G����������������
�7�K�H�� �I�D�X�O�W�V�� �D�U�H�� �V�K�R�Z�Q�� �D�V�� �Y�H�U�W�L�F�D�O�� �W�R�� �V�W�H�H�S�O�\�� �Z�H�V�W���� �D�Q�G�� �H�D�V�W���G�L�S�S�L�Q�J�� �Q�R�U�P�D�O�� �I�D�X�O�W�V���� �K�R�Z�H�Y�H�U�� �Q�R��
�R�U�L�H�Q�W�D�W�L�R�Q���G�D�W�D���Z�H�U�H���S�U�R�Y�L�G�H�G���E�\���0�F�&�D�O�S�L�Q����������������������

�0�F�&�D�O�S�L�Q�� �������������� �L�Q�W�H�U�S�U�H�W�V�� �W�K�D�W�� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �W�K�H�� �0�5�(�� �L�Q�� �W�U�H�Q�F�K�� ���������� �L�V�� �S�U�H�V�H�U�Y�H�G�� �R�Q�� �)�D�X�O�W�� �&��
�Z�K�H�U�H���I�D�X�O�W�L�Q�J���R�I���8�Q�L�W�����F���G�X�U�L�Q�J���W�K�H���0�5�(���F�D�X�V�H�G���G�H�S�R�V�L�W�L�R�Q���R�I���W�K�H���X�S�S�H�U���S�D�U�W���R�I���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H��
�8�Q�L�W�����D�������0�F�&�D�O�S�L�Q�����������������D�U�J�X�H�V���W�K�D�W���)�D�X�O�W���&���M�X�[�W�D�S�R�V�H�V�� �W�K�H���E�D�V�D�O���S�D�U�W���R�I���8�Q�L�W�����D���R�Q���W�K�H���G�R�Z�Q��
�W�K�U�R�Z�Q���E�O�R�F�N���D�J�D�L�Q�V�W���W�K�H���H�T�X�L�Y�D�O�H�Q�W���8�Q�L�W�����F���R�Q���W�K�H���X�S�W�K�U�R�Z�Q���E�O�R�F�N���D�Q�G���W�K�D�W���D�I�W�H�U���W�K�H���0�5�(���V�R�P�H��
�S�R�U�W�L�R�Q���R�I���8�Q�L�W�����F���R�Q���W�K�H���X�S�W�K�U�R�Z�Q���V�L�G�H���R�I���)�D�X�O�W���&���Z�D�V���H�U�R�G�H�G���D�Q�G���U�H�Z�R�U�N�H�G���W�R���I�R�U�P���W�K�H���F�R�O�O�X�Y�L�D�O��
�Z�H�G�J�H���R�I���X�S�S�H�U���S�D�U�W���R�I���8�Q�L�W�����D���R�Q���W�K�H���G�R�Z�Q���W�K�U�R�Z�Q���V�L�G�H���R�I���W�K�H���I�D�X�O�W�����0�F�&�D�O�S�L�Q�����������������U�H�S�R�U�W�V���D��
�³�J�U�R�Z�W�K���F�U�D�F�N�´���D�O�R�Q�J���)�D�X�O�W���&���W�K�D�W���S�U�R�S�D�J�D�W�H�V���W�K�U�R�X�J�K���8�Q�L�W�����E���Z�L�W�K�R�X�W���G�L�V�S�O�D�F�L�Q�J���W�K�H���E�D�V�H���R�I���8�Q�L�W��
���E���D�Q�G���W�H�U�P�L�Q�D�W�H�V���D�W���W�K�H���E�D�V�H���R�I���8�Q�L�W���������)�L�J�X�U�H���������������:�H���D�V�V�X�P�H���W�K�L�V���F�U�D�F�N�L�Q�J���R�F�F�X�U�U�H�G���D�I�W�H�U���W�K�H��
�0�5�(���D�Q�G���L�V���Q�R�W���U�H�O�D�W�H�G���W�R���D���H�Y�H�Q�W���W�K�D�W���S�R�V�W���G�D�W�H�V���W�K�H���0�5�(�����0�F�&�D�O�S�L�Q�����������������U�H�S�R�U�W�V���W�K�H���W�L�P�L�Q�J���R�I��
�W�K�H���0�5�(���R�F�F�X�U�U�H�G���E�H�I�R�U�H�������������������N�D�����E�D�V�H�G���R�Q���D���&�������D�J�H���L�Q���8�Q�L�W�������R�I����������±���������Z�K�L�F�K���F�D�O�L�E�U�D�W�H�V��
�W�R���������������W�R���������������F�D�O���\�U���%���3�������D�Q�G���D�I�W�H�U���������N�D�����V�R�L�O���3�'�,���E�D�V�H�G���D�J�H���L�Q���8�Q�L�W�V�����%�W�E���D�Q�G�����D��������

���,�Q���R�X�U���U�H���D�Q�D�O�\�V�L�V���R�I���W�U�H�Q�F�K���������������Z�H���D�J�U�H�H���Z�L�W�K���0�F�&�D�O�S�L�Q�����������������W�K�D�W���D���S�U�L�P�D�U�\���E�H�G�U�R�F�N���V�W�U�D�Q�G��
�R�I�� �W�K�H�� �3�D�T�M�D�U�L�W�R�� �I�D�X�O�W�� �L�V�� �H�[�S�R�V�H�G�� �D�Q�G�� �G�H�I�R�U�P�V�� �Q�H�D�U���V�X�U�I�D�F�H�� �O�D�W�H�� �3�O�H�L�V�W�R�F�H�Q�H�� �D�Q�G�� �+�R�O�R�F�H�Q�H��
�G�H�S�R�V�L�W�V�����+�R�Z�H�Y�H�U�����Z�H���D�U�H���Q�R�W���D�E�O�H���W�R���U�H�F�R�Q�V�W�U�X�F�W���I�U�R�P���W�K�H���W�U�H�Q�F�K���O�R�J���W�K�H���V�W�U�D�W�L�J�U�D�S�K�L�F���H�Y�L�G�H�Q�F�H��
�F�L�W�H�G���E�\���0�F�&�D�O�S�L�Q�����������������I�R�U���W�K�H���0�5�(���L�Q���W�K�H���W�H�[�W���G�L�V�F�X�V�V�L�R�Q�����7�K�X�V�����Z�H���J�L�Y�H���W�K�L�V���H�Y�H�Q�W���D���U�D�Q�N�L�Q�J��
�R�I���O�R�Z���F�R�Q�I�L�G�H�Q�F�H�����E�R�W�K���I�U�R�P���W�K�H���S�R�R�U���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V���R�Q���W�K�H���W�U�H�Q�F�K���O�R�J�����D�Q�G���W�K�H���S�R�R�U���D�Y�D�L�O�D�E�O�H��
�D�J�H���F�R�Q�V�W�U�D�L�Q�W�V������

������������ �7�U�H�Q�F�K���������������0�F�&�D�O�S�L�Q����������������������������

�$�W���6�L�W�H���&�����0�F�&�D�O�S�L�Q�����������������H�[�F�D�Y�D�W�H�G���W�U�H�Q�F�K�������������Z�L�W�K�L�Q���F�R�D�U�V�H���D�O�O�X�Y�L�D�O���I�D�Q���G�H�S�R�V�L�W�V���S�U�R�M�H�F�W�L�Q�J��
�D�F�U�R�V�V�� �D�Q�� �L�Q�I�H�U�U�H�G�� �I�D�X�O�W�� �]�R�Q�H�� �E�D�V�H�G�� �R�Q�� �J�H�R�P�R�U�S�K�L�F�� �P�D�S�S�L�Q�J�� �R�I�� �O�L�Q�H�D�P�H�Q�W�V�� �D�Q�G�� �V�W�U�D�W�L�J�U�D�S�K�L�F��
�U�H�O�D�W�L�R�Q�V���H�[�S�R�V�H�G���L�Q���D�Q���D�U�U�R�\�R���W�R���W�K�H���Q�R�U�W�K���R�I���W�K�H���W�U�H�Q�F�K�����)�L�J�X�U�H�V�������������������������D�Q�G���������������7�K�H���������P��
�O�R�Q�J�����D�Q�G�����������P���G�H�H�S���W�U�H�Q�F�K���H�[�S�R�V�H�G���D���F�R�P�S�O�H�[���]�R�Q�H���R�I���I�D�X�O�W�L�Q�J���Z�L�W�K�L�Q���D���F�R�P�S�O�H�[���V�H�T�X�H�Q�F�H���R�I��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

�L�Q�W�H�U�I�L�Q�J�H�U�L�Q�J�� �V�O�R�S�H�� �F�R�O�O�X�Y�L�X�P���� �D�O�O�X�Y�L�D�O���I�D�Q�� �G�H�S�R�V�L�W�V�����4�H�F���� �D�Q�G�� �P�X�O�W�L�S�O�H�� �E�X�U�L�H�G�� �V�R�L�O�V���� �� �0�F�&�D�O�S�L�Q��
���������������X�V�H�G���W�K�H���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O���U�H�O�D�W�L�R�Q�V���H�[�S�R�V�H�G���L�Q���W�K�H���W�U�H�Q�F�K���W�R���L�Q�W�H�U�S�U�H�W���P�X�O�W�L�S�O�H��
�O�D�W�H���3�O�H�L�V�W�R�F�H�Q�H���W�R���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�V���Z�L�W�K�L�Q�����W�K�U�H�H���G�L�V�W�L�Q�F�W���]�R�Q�H�V���R�I���G�H�I�R�U�P�D�W�L�R�Q�������������Z�H�V�W�H�U�Q���]�R�Q�H��
���I�D�X�O�W���]�R�Q�H���³�&�´���R�I���G�L�V�W�R�U�W�H�G���D�Q�G���I�R�O�G�H�G���F�R�O�O�X�Y�L�D�O���V�W�U�D�W�L�J�U�D�S�K�\���������������F�H�Q�W�U�D�O���]�R�Q�H�����I�D�X�O�W���]�R�Q�H���³�%�´�����R�I��
�³�U�R�W�D�W�L�R�Q�D�O���V�O�X�P�S�L�Q�J�´���E�R�X�Q�G�H�G���E�\���W�Z�R���O�R�Z���D�Q�J�O�H���I�D�X�O�W�V�����D�Q�G�����������D�Q���H�D�V�W�H�U�Q���I�D�X�O�W���]�R�Q�H�����I�D�X�O�W���]�R�Q�H��
�³�$�´�����F�R�L�Q�F�L�G�H�Q�W���Z�L�W�K���D���V�L�Q�J�O�H���V�X�E�Y�H�U�W�L�F�D�O�����G�R�Z�Q���W�R���W�K�H���Z�H�V�W�����D�Q�W�L�W�K�H�W�L�F�����Q�R�U�P�D�O���I�D�X�O�W�����)�L�J�X�U�H����������������
�7�K�H�� �V�W�U�D�W�D�� �L�Q�� �W�K�H�� �W�U�H�Q�F�K�� �Z�D�V�� �V�X�E�G�L�G�L�Y�L�G�H�G�� �L�Q�W�R�� �W�K�U�H�H�� �J�H�Q�H�U�D�O�� �J�U�R�X�S�V���� �� �D�O�O�X�Y�L�X�P���� �F�R�O�O�X�Y�L�X�P�� �D�Q�G��
�I�D�F�L�H�V���W�U�D�Q�V�L�W�L�R�Q���G�H�S�R�V�L�W�V���F�R�P�S�R�V�H�G���R�I���E�R�W�K���F�R�O�O�X�Y�L�X�P���D�Q�G���D�O�O�X�Y�L�X�P�������0�F�&�D�O�S�L�Q�����������������R�Q�O�\���O�R�J�J�H�G��
�D�Q�G�� �G�R�F�X�P�H�Q�W�H�G�� �R�Q�H�� �Z�D�O�O�� �R�I�� �W�U�H�Q�F�K�� ���������� ���)�L�J�X�U�H�� ������������ �� �$�W�� �W�K�D�W�� �W�L�P�H�� �H�[�W�H�U�Q�D�O�� �S�H�H�U�� �U�H�Y�L�H�Z�H�U�V��
�S�U�R�Y�L�G�H�G���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���W�R���W�K�H���I�L�Q�G�L�Q�J�V���R�I���0�F�&�D�O�S�L�Q�����������������V�X�J�J�H�V�W�L�Q�J���W�K�D�W���I�D�X�O�W���]�R�Q�H��
�³�%�´���Z�D�V���S�R�V�V�L�E�O�\���D���J�U�D�E�H�Q���V�W�U�X�F�W�X�U�H����

�0�F�&�D�O�S�L�Q�� �������������� �L�Q�W�H�U�S�U�H�W�H�G�� �W�K�H�� �P�R�V�W�� �U�H�F�H�Q�W�� �H�Y�H�Q�W�� ���0�5�(���� �W�R�� �E�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �I�R�O�G�L�Q�J�� �D�Q�G��
�S�H�Q�H�W�U�D�W�L�Y�H�� �V�K�H�D�U�L�Q�J�� �Z�L�W�K�L�Q�� �W�K�H�� �F�R�O�O�X�Y�L�D�O���W�D�O�X�V�� �I�D�F�L�H�V�� �L�Q�� �'�H�I�R�U�P�D�W�L�R�Q�� �=�R�Q�H�� �&�� ���)�L�J�X�U�H�� �� ������������
�0�F�&�D�O�S�L�Q�� �������������� �U�H�S�R�U�W�V�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �W�K�H�� �0�5�(�� �D�O�R�Q�J�� �'�H�I�R�U�P�D�W�L�R�Q�� �=�R�Q�H�� �&�� �W�R�� �E�H�� �E�U�R�D�G�O�\��
�F�R�Q�V�W�U�D�L�Q�H�G���E�H�W�Z�H�H�Q���������N�D���E�D�V�H�G���R�Q���V�R�L�O���3�'�,���D�J�H�V���D�Q�G�����Z�����N�D���E�D�V�H�G���R�Q���X�Q�F�D�O�L�E�U�D�W�H�G���U�D�G�L�R�F�D�U�E�R�Q��
�G�D�W�H�V���I�U�R�P���8�Q�L�W�����D�������L�Q���R�X�U���U�H���D�Q�D�O�\�V�L�V�����W�K�L�V���U�D�G�L�R�F�D�U�E�R�Q���G�D�W�H���F�D�O�O�L�E�U�D�W�H�V���W�R�����������������W�R�����������������F�D�O��
�\�U���%���3�����������0�F�&�D�O�S�L�Q�����������������U�H�S�R�U�W�V���W�K�H���W�L�P�L�Q�J���R�I���W�K�H���0�5�(���D�O�R�Q�J���I�D�X�O�W���]�R�Q�H���$���W�R���E�H���F�R�Q�V�W�U�D�L�Q�H�G���E�\��
�U�D�G�L�R�F�D�U�E�R�Q�� �G�D�W�H�V�� �L�Q�� �8�Q�L�W�V�� ���D���� �D�Q�G�� ���D���� �D�Q�G�� �V�R�L�O�� �3�'�,�� �D�J�H�V�� �I�R�U�� �8�Q�L�W�� ���D�%�W�� �� �D�V�� �R�O�G�H�U�� �W�K�D�Q�� ������ �N�D��
���)�L�J�X�U�H���������������+�H���F�R�Q�F�O�X�G�H�V���W�K�D�W���D�O�O���W�K�H���G�H�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���W�U�H�Q�F�K�����L�Q�F�O�X�G�L�Q�J���'�H�I�R�U�P�D�W�L�R�Q���]�R�Q�H���%����
�O�L�N�H�O�\���R�F�F�X�U�U�H�G���E�H�W�Z�H�H�Q���������D�Q�G���������N�D������

�6�L�P�L�O�D�U���W�R���7�U�H�Q�F�K���������������L�Q���R�X�U���U�H���D�Q�D�O�\�V�L�V���R�I���W�U�H�Q�F�K���������������Z�H���D�J�U�H�H���Z�L�W�K���0�F�&�D�O�S�L�Q�����������������W�K�D�W���D��
�V�W�U�D�Q�G���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���L�V���H�[�S�R�V�H�G���D�Q�G���G�H�I�R�U�P�V���Q�H�D�U���V�X�U�I�D�F�H���O�D�W�H���3�O�H�L�V�W�R�F�H�Q�H���D�Q�G���+�R�O�R�F�H�Q�H��
�G�H�S�R�V�L�W�V�����:�H���D�O�V�R���F�R�Q�F�X�U���W�K�D�W���V�R�P�H���R�I���W�K�H���R�E�V�H�U�Y�H�G���G�H�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���W�U�H�Q�F�K�����L�Q���S�D�U�W�L�F�X�O�D�U���W�K�H��
�J�U�D�E�H�Q���V�W�U�X�F�W�X�U�H���D�W���'�H�I�R�U�P�D�W�L�R�Q���=�R�Q�H���%�����P�D�\���E�H���G�X�H���W�R���Q�R�Q���W�H�F�W�R�Q�L�F���V�O�R�S�H���S�U�R�F�H�V�V�H�V�����+�R�Z�H�Y�H�U����
�'�H�I�R�U�P�D�W�L�R�Q���=�R�Q�H�V���$���D�Q�G���&���D�U�H���P�R�V�W���O�L�N�H�O�\���W�K�H���U�H�V�X�O�W���R�I���I�D�X�O�W���G�H�I�R�U�P�D�W�L�R�Q����

�%�D�V�H�G���R�Q���R�X�U���H�Y�D�O�X�D�W�L�R�Q���D�Q�G���U�D�Q�N�L�Q�J���R�I���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V�����Z�H���D�V�V�L�J�Q���D���P�R�G�H�U�D�W�H���F�R�Q�I�L�G�H�Q�F�H���W�R���W�K�H��
�0�5�(�� �G�H�V�F�U�L�E�H�G���E�\�� �0�F�&�D�O�S�L�Q�� �������������� �D�W�� �'�H�I�R�U�P�D�W�L�R�Q�� �=�R�Q�H���$�� �D�Q�G�� �D�� �O�R�Z�� �F�R�Q�I�L�G�H�Q�F�H�� �W�R�� �W�K�H�� �0�5�(��
�G�H�V�F�U�L�E�H�G���E�\���0�F�&�D�O�S�L�Q���D�W���'�H�I�R�U�P�D�W�L�R�Q���=�R�Q�H���&�����)�L�J�X�U�H���������������%�D�V�H�G���R�Q���R�X�U���U�H�Y�L�H�Z���R�I���W�K�H���W�U�H�Q�F�K��
�O�R�J�V���D�Q�G���0�F�&�D�O�S�L�Q�¶�V�����������������G�H�V�F�U�L�S�W�L�R�Q�V�����W�K�H���W�L�P�L�Q�J���R�I���G�H�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���0�5�(���D�O�R�Q�J���'�H�I�R�U�P�D�W�L�R�Q��
�]�R�Q�H���$���S�R�V�W���G�D�W�H�V���8�Q�L�W�V�����D���������D�������D�Q�G�����D�%�W���D�Q�G���S�U�H���G�D�W�H�V���8�Q�L�W�����%�Z�����:�H���D�J�U�H�H���Z�L�W�K���0�F�&�D�O�S�L�Q��
���������������W�K�D�W���W�K�H���P�D�[�L�P�X�P���W�L�P�L�Q�J���F�R�Q�V�W�U�D�L�Q�W���R�Q���W�K�H���0�5�(���D�W�� �'�H�I�R�U�P�D�W�L�R�Q���=�R�Q�H���$���L�V���D���U�D�G�L�R�F�D�U�E�R�Q��
�G�D�W�H�����R�I�������������������W�R�����������������F�D�O���\�U���%���3�����I�U�R�P���8�Q�L�W�����D�����G�L�V�F�X�V�V�H�G���D�E�R�Y�H�����7�K�H���P�L�Q�L�P�X�P���D�J�H�����F�R�Q�V�W�U�D�L�Q�W��
�L�V���O�H�V�V���F�H�U�W�D�L�Q�����$�O�W�K�R�X�J�K���0�F�&�D�O�S�L�Q�����������������U�H�S�R�U�W�V���W�K�D�W���W�K�H���W�R�S���R�I���W�K�H���V�R�L�O���L�Q���8�Q�L�W�����D�%�7���L�V���Q�R�W���R�I�I�V�H�W����
�W�K�H���W�U�H�Q�F�K���O�R�J���V�K�R�Z�V���W�K�D�W���G�H�I�R�U�P�D�W�L�R�Q���F�O�H�D�U�O�\���S�R�V�W���G�D�W�H�V���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�L�V���V�R�L�O�����7�K�X�V�����W�K�H��
�V�R�L�O���3�'�,���D�J�H�V���G�R�H���Q�R�W���U�H�S�U�H�V�H�Q�W���D���P�L�Q�L�P�X�P���F�R�Q�V�W�U�D�L�Q�L�Q�J���D�J�H�����:�H���E�H�O�L�H�Y�H���W�K�H���U�D�G�L�R�F�D�U�E�R�Q���D�J�H�V��
�I�U�R�P���8�Q�L�W�����%�Z���U�H�S�U�H�V�H�Q�W���W�K�H���E�H�V�W���D�Y�D�L�O�D�E�O�H���P�L�Q�L�P�X�P���F�R�Q�V�W�U�D�L�Q�W�����0�F�&�D�O�S�L�Q���U�H�S�R�U�W�V�� �D���U�D�G�L�R�F�D�U�E�R�Q��
�D�J�H���I�U�R�P���8�Q�L�W�����%�Z����������±�������X�Q�F�D�O�L�E�U�D�W�H�G���U�D�G�L�R�F�D�U�E�R�Q���\�H�D�U�V���W�K�D�W���F�D�U�O�L�E�U�D�W�H���W�R���������������W�R���������������F�D�O��
�\�U�����%���3�����7�K�X�V�����W�K�H���D�J�H���R�I���W�K�H���0�5�(���L�Q���W�H�Q�F�K�������������L�V���E�U�R�D�G�O�\���F�R�Q�V�W�U�D�L�Q�H�G���E�H�W�Z�H�H�Q�������������W�R���������N�D���D�Q�G��
���������W�R�����������N�D���E�D�V�H�G���R�Q���R�X�U���U�H���D�Q�D�O�\�V�L�V���R�I���0�F�&�D�O�S�L�Q���������������¶�V���U�H�V�X�O�W�V������



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

���������6�8�0�0�$�5�<���2�)���3�$�6�7���3�$�/�(�2�6�(�,�6�0�,�&���' �$�7�$��

�2�X�U���U�H�D�Q�D�O�\�V�L�V���R�I���S�D�V�W���S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���S�U�R�Y�L�G�H�V���V�H�Y�H�U�D�O���F�O�H�D�U���F�R�Q�F�O�X�V�L�R�Q�V�������������W�U�H�Q�F�K�H�V���R�Q���W�K�H��
�3�D�M�D�U�L�W�R���I�D�X�O�W���U�H�F�R�U�G���H�Y�L�G�H�Q�F�H���I�R�U���D���V�L�Q�J�O�H���O�D�W�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W���Z�L�W�K���R�Y�H�U�O�D�S�S�L�Q�J���W�L�P�L�Q�J���X�Q�F�H�U�W�D�L�Q�W�\����
���������W�U�H�Q�F�K�H�V���R�Q���W�K�H���*�X�D�M�H���0�R�X�Q�W�D�L�Q���I�D�X�O�W���U�H�F�R�U�G���H�Y�L�G�H�Q�F�H���I�R�U���D���P�L�G���+�R�O�R�F�H�Q�H���H�Y�H�Q�W���������������������N�D����
�W�K�D�W�� �G�R�H�V�� �Q�R�W�� �D�S�S�H�D�U�� �W�R�� �R�Y�H�U�O�D�S�� �Z�L�W�K�� �0�5�(�� �W�L�P�L�Q�J�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� ���H�[�F�H�S�W�� �S�R�V�V�L�E�O�\�� �D�W�� �6�L�W�H��
�(�2�&���������� �D�Q�G�� �������� �W�U�H�Q�F�K�H�V�� �R�Q�� �W�K�H�� �5�H�Q�G�L�M�D�� �&�D�Q�\�R�Q�� �I�D�X�O�W�� �U�H�F�R�U�G�� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �D�Q�� �H�D�U�O�\�� �+�R�O�R�F�H�Q�H��
�H�Y�H�Q�W�������������N�D���R�U���R�O�G�H�U�������7�D�E�O�H����������������

�$�Q�R�W�K�H�U���L�P�S�R�U�W�D�Q�W���R�E�V�H�U�Y�D�W�L�R�Q���G�H�U�L�Y�H�G���I�U�R�P���R�X�U���U�H���D�Q�D�O�\�V�L�V���R�I���W�K�H���:�R�Q�J���H�W���D�O�������������������F�R�P�S�L�O�D�W�L�R�Q��
�D�Q�G���U�H���D�Q�D�O�\�V�L�V���L�V���W�K�H���O�D�F�N���R�I���P�X�O�W�L�S�O�H���+�R�O�R�F�H�Q�H���I�D�X�O�W�L�Q�J���H�Y�H�Q�W�V���R�E�V�H�U�Y�H�G���D�W���D�Q�\���R�Q�H���W�U�H�Q�F�K���V�L�W�H��
�R�Q���W�K�H���3�)�6�����)�L�J�X�U�H���������������7�K�L�V���R�E�V�H�U�Y�D�W�L�R�Q���Z�D�V���D�O�V�R���P�D�G�H���E�\���S�D�V�W���U�H�Y�L�H�Z�H�U�V�����(�5�&�����������������8�6�&����
���������������7�K�L�V���P�D�\���E�H���E�H�F�D�X�V�H�����������W�K�H���G�L�V�W�U�L�E�X�W�H�G�����F�R�P�S�O�H�[�����P�R�Q�R�F�O�L�Q�D�O���Q�D�W�X�U�H���R�I���W�K�H���V�\�V�W�H�P�����Z�K�L�F�K��
�F�R�X�O�G���\�L�H�O�G���V�H�S�D�U�D�W�H���H�Y�H�Q�W�V���W�K�D�W���P�D�\���Q�R�W���U�X�S�W�X�U�H�����R�U���E�H���U�H�F�R�U�G�H�G�����R�U���U�H�F�R�J�Q�L�]�H�G���W�K�U�R�X�J�K���D���J�L�Y�H�Q��
�V�L�W�H�����R�U�����������W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����*�X�D�M�H���0�R�X�Q�W�D�L�Q���I�D�X�O�W���D�Q�G���5�H�Q�G�L�M�D���&�D�Q�\�R�Q���I�D�X�O�W���D�U�H���L�Q�G�L�Y�L�G�X�D�O���I�D�X�O�W�V��
�Z�L�W�K�L�Q�� �W�K�H�� �3�)�6�����D�Q�G�� �D�F�W�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�����R�U�� �������� �W�K�H�� �S�D�O�H�R�V�H�L�V�P�L�F�� �U�H�F�R�U�G�� �L�V�� �L�Q�F�R�P�S�O�H�W�H���G�X�H�� �W�R�� �D�Q��
�L�Q�F�R�P�S�O�H�W�H�� �V�W�U�D�W�L�J�U�D�S�K�L�F�� �U�H�F�R�U�G���� �5�H�J�D�U�G�O�H�V�V���� �W�K�H�� �I�D�F�W�� �W�K�D�W�� �P�X�O�W�L�S�O�H�� �+�R�O�R�F�H�Q�H�� �U�X�S�W�X�U�H�V�� �K�D�Y�H�� �Q�R�W��
�E�H�H�Q���S�R�V�L�W�L�Y�H�O�\���L�G�H�Q�W�L�I�L�H�G���D�W���D�Q�\���R�Q�H���V�L�W�H���R�Q���W�K�H���3�)�6���L�V���V�X�J�J�H�V�W�L�Y�H���W�K�D�W���R�Q�O�\���R�Q�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W��
�K�D�V���R�F�F�X�U�U�H�G���R�Q���D�Q�\���J�L�Y�H�Q���I�D�X�O�W������
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� ���� �� �6�H�S�W�H�P�E�H�U��������������������

8.0 ��INT EGRAT ION OF PHASE  1  RESULT S WIT H PREVIOUS 
ST UDIES:  IMPL ICAT IONS ON F AUL T  BEHAVIO R  

�7�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���V�\�V�W�H�P�����3�)�6�����F�R�Q�V�L�V�W�V���R�I���V�H�Y�H�U�D�O���G�L�V�W�L�Q�F�W���I�D�X�O�W���V�H�F�W�L�R�Q�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���3�D�M�D�U�L�W�R��
�I�D�X�O�W���� �*�X�D�M�H�� �0�R�X�Q�W�D�L�Q�� �I�D�X�O�W�� ���*�0�)������ �5�H�Q�G�L�M�D�� �&�D�Q�\�R�Q�� �I�D�X�O�W�� ���5�&�)���� �D�Q�G�� �6�D�Q�W�D�� �&�O�D�U�D�� �&�D�Q�\�R�Q�� �I�D�X�O�W��
���6�&�&�)������ �D�V�� �Z�H�O�O�� �D�V�� �V�H�Y�H�U�D�O�� �V�P�D�O�O�H�U�� �I�D�X�O�W�V�� ���)�L�J�X�U�H�V�� �������� �D�Q�G�� ������������ �,�Q�� �W�K�H�� �F�X�U�U�H�Q�W�� �V�H�L�V�P�L�F�� �V�R�X�U�F�H��
�P�R�G�H�O���I�R�U���W�K�H���/�$�1�/���3�6�+�$�����:�R�Q�J���H�W���D�O�������������������W�K�H���3�)�6���L�V���W�U�H�D�W�H�G���D�V���D���V�L�Q�J�O�H���V�H�J�P�H�Q�W�H�G���U�X�S�W�X�U�H��
�V�R�X�U�F�H���� �� �$�� �+�R�O�R�F�H�Q�H�� �F�K�U�R�Q�R�O�R�J�\�� �R�I�� �H�Y�H�Q�W�V�� �I�R�U�� �W�K�H�� �3�)�6�� �Z�D�V�� �G�H�Y�H�O�R�S�H�G�� �I�R�U�� �W�K�H�� �3�6�+�$�� �E�D�V�H�G��
�S�U�L�P�D�U�L�O�\���R�Q���W�K�H���U�H�V�X�O�W�V���R�I���S�U�H�Y�L�R�X�V���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���S�H�U�I�R�U�P�H�G���R�Q���W�K�H���3�)���� �5�&�)�����D�Q�G���*�0�)��
���Q�R���G�H�W�D�L�O�H�G���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q���S�H�U�I�R�U�P�H�G���R�Q���W�K�H���6�&�&�)�������7�K�H���:�R�Q�J���H�W���D�O������������������
�V�W�X�G�\���L�Q�F�O�X�G�H�G���D�O�W�H�U�Q�D�W�L�Y�H���P�R�G�H�O�V���R�I���R�Q�H�����W�Z�R�����R�U���W�K�U�H�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�V���R�Q���W�K�H���3�)�6�����7�K�H�������H�Y�H�Q�W��
�+�R�O�R�F�H�Q�H���F�K�U�R�Q�R�O�R�J�\���O�H�G���W�R���D���Q�R�Q���3�R�L�V�V�R�Q���F�O�X�V�W�H�U�H�G���U�H�F�X�U�U�H�Q�F�H���P�R�G�H�O���I�R�U���W�K�H���3�)�6�����,�Q���W�K�L�V���V�W�X�G�\����
�Z�H���K�D�Y�H���S�H�U�I�R�U�P�H�G���D�G�G�L�W�L�R�Q�D�O�� �G�H�W�D�L�O�H�G�� �S�D�O�H�R�V�H�L�V�P�L�F�� �V�W�X�G�L�H�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���V�H�F�W�L�R�Q���R�I�� �W�K�H��
�3�)�6�����D�Q�G���U�H���H�Y�D�O�X�D�W�H�G���W�K�H���H�D�U�O�L�H�U���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����*�0�)���D�Q�G���5�&�)���W�R����������
�U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I���+�R�O�R�F�H�Q�H���V�X�U�I�D�F�H���U�X�S�W�X�U�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W����
�������� �F�R�P�S�D�U�H�� �W�K�H�� �+�R�O�R�F�H�Q�H�� �F�K�U�R�Q�R�O�R�J�\�� �R�I���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���W�R�� �W�K�H���S�D�O�H�R�V�H�L�V�P�L�F��
�U�H�F�R�U�G���R�I���+�R�O�R�F�H�Q�H���H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���D�G�M�R�L�Q�L�Q�J���*�0�)���D�Q�G���5�&�)���I�U�R�P���Z�K�L�F�K���W�R���H�Y�D�O�X�D�W�H���U�X�S�W�X�U�H��
�P�R�G�H�O�V���I�R�U�� �W�K�H�� �H�Q�W�L�U�H���3�)�6�� ���L���H�������H�Y�D�O�X�D�W�H�� �³�S�D�U�W�L�F�L�S�D�W�L�R�Q�� �U�D�W�H�V�´���I�R�U�� �L�Q�G�L�Y�L�G�X�D�O�� �V�H�F�W�L�R�Q�V�� �R�I�� �W�K�H���3�)�6��
�G�X�U�L�Q�J���O�D�U�J�H���P�D�J�Q�L�W�X�G�H���H�D�U�W�K�T�X�D�N�H�V�������D�Q�G�����������X�V�H���W�K�H���+�R�O�R�F�H�Q�H���H�D�U�W�K�T�X�D�N�H���F�K�U�R�Q�R�O�R�J�\���G�D�W�D���W�R��
�H�Y�D�O�X�D�W�H���D�O�W�H�U�Q�D�W�L�Y�H���W�L�P�H���G�H�S�H�Q�G�H�Q�W�����3�R�L�V�V�R�Q�����D�Q�G���F�O�X�V�W�H�U�H�G���U�H�F�X�U�U�H�Q�F�H���P�R�G�H�O�V���I�R�U���W�K�H���3�D�M�D�U�L�W�R��
�I�D�X�O�W���D�Q�G���3�)�6����

�,�Q�� �W�K�L�V�� �V�H�F�W�L�R�Q���� �Z�H�� �L�Q�W�H�J�U�D�W�H�� �W�K�H�� �U�H�V�X�O�W�V�� �I�U�R�P�� �R�X�U�� �F�X�U�U�H�Q�W�� �3�K�D�V�H�� ���� �S�D�O�H�R�V�H�L�V�P�L�F�� �V�W�X�G�\�� �D�W�� �W�K�U�H�H��
�O�R�F�D�W�L�R�Q�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����6�L�W�H�V���$�����%���D�Q�G���&�����Z�L�W�K���R�X�U���U�H���H�Y�D�O�X�D�W�L�R�Q���R�I���S�U�H�Y�L�R�X�V���Z�R�U�N���W�R���G�H�Y�H�O�R�S��
�D�� �F�K�U�R�Q�R�O�R�J�\�� �R�I�� �+�R�O�R�F�H�Q�H�� �V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���H�D�U�W�K�T�X�D�N�H�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R���I�D�X�O�W���� �7�K�H���S�D�O�H�R�V�H�L�V�P�L�F��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �Z�D�V�� �F�R�Q�F�H�L�Y�H�G�� �D�V�� �D�� �W�K�U�H�H���\�H�D�U�� �V�W�X�G�\�� �R�I�� �W�K�H�� �3�)�6�� �D�Q�G�� �F�R�Q�V�L�V�W�H�G�� �R�I�� �V�H�Y�H�U�D�O�� �I�L�H�O�G��
�S�K�D�V�H�V�����3�K�D�V�H�V�������W�R���������W�R���H�Y�D�O�X�D�W�H���W�K�H���H�D�U�W�K�T�X�D�N�H���E�H�K�D�Y�L�R�U���R�I���W�K�H���3�)�6�������(�D�F�K���V�X�F�F�H�V�V�L�Y�H���S�K�D�V�H��
�Z�D�V�� �L�Q�W�H�Q�G�H�G�� �W�R�� �I�X�U�W�K�H�U�� �U�H�G�X�F�H�� �W�K�H�� �X�Q�F�H�U�W�D�L�Q�W�L�H�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �S�U�H�Y�L�R�X�V�� �S�K�D�V�H�� �R�I��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����7�K�H���U�H�V�X�O�W�V���S�U�H�V�H�Q�W�H�G���E�H�O�R�Z���D�U�H���E�D�V�H�G���R�Q���W�K�H���I�L�U�V�W���3�K�D�V�H���R�I���W�K�H���V�W�X�G�\����

�*�L�Y�H�Q���W�K�H���D�Y�H�U�D�J�H���O�R�Q�J���W�H�U�P���V�O�L�S���U�D�W�H���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���R�I���D�S�S�U�R�[�L�P�D�W�H�O�\�����������W�R�����������P�P���\�H�D�U��
���:�R�Q�J���H�W���D�O���������������������D�Q���D�Y�H�U�D�J�H���W�L�P�H���G�H�S�H�Q�G�H�Q�W���R�U���3�R�L�V�V�R�Q���U�H�F�X�U�U�H�Q�F�H���U�D�W�H���I�R�U���O�D�U�J�H���P�D�J�Q�L�W�X�G�H��
�H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���I�D�X�O�W���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�����������������\�H�D�U�V���R�U���P�R�U�H�������7�K�H�U�H�I�R�U�H�����L�I���P�X�O�W�L�S�O�H���+�R�O�R�F�H�Q�H��
�H�Y�H�Q�W�V���D�U�H���G�R�F�X�P�H�Q�W�H�G���R�Q���W�K�H���3�)�6�����D���³�F�O�X�V�W�H�U�H�G�´���U�H�F�X�U�U�H�Q�F�H���P�R�G�H�O�����U�D�W�K�H�U���W�K�D�Q���W�L�P�H���G�H�S�H�Q�G�H�Q�W��
�R�U���3�R�L�V�V�R�Q���P�R�G�H�O���P�D�\���E�H���Y�D�O�L�G���I�R�U���I�R�U�H�F�D�V�W�L�Q�J���I�X�W�X�U�H���E�H�K�D�Y�L�R�U���R�Q���W�K�H���3�)�6�����D�V���S�U�H�Y�L�R�X�V�O�\���G�H�V�F�U�L�E�H�G��
�L�Q���:�R�Q�J���H�W���D�O���������������������%�D�V�H�G���R�Q���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I���H�Y�H�Q�W�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����D�V���Z�H�O�O���D�V��
�W�K�H�� �D�G�M�R�L�Q�L�Q�J�� �*�0�)�� �D�Q�G�� �5�&�)���� �V�H�L�V�P�L�F�� �V�R�X�U�F�H�� �P�R�G�H�O�V�� �R�I�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �U�X�S�W�X�U�L�Q�J�� �W�R�J�H�W�K�H�U��
���G�H�S�H�Q�G�H�Q�W�O�\���� �Z�L�W�K���� �R�U�� �V�H�S�D�U�D�W�H�O�\�� ���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���� �I�U�R�P�� �W�K�H�� �*�0�)�� �D�Q�G�� �5�&�)�� �P�D�\�� �E�H�� �H�Y�D�O�X�D�W�H�G����
�&�R�Q�V�W�U�D�L�Q�W�V�� �W�R�� �W�K�L�V�� �D�Q�D�O�\�V�L�V�� �L�Q�F�O�X�G�H���� �������� �T�X�D�O�L�W�\�� �R�I�� �W�K�H�� �F�K�U�R�Q�R�O�R�J�L�F�� �P�R�G�H�O�V�� �G�H�Y�H�O�R�S�H�G�� �L�Q�� �S�D�V�W��
�V�W�X�G�L�H�V���� �������� �V�F�D�U�F�L�W�\���R�I�� �T�X�D�O�L�W�\���R�E�V�H�U�Y�D�W�L�R�Q�V���I�U�R�P�� �V�R�P�H�� �R�I���W�K�H�� �S�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� �Z�K�H�U�H�� �R�Q�O�\�� �R�Q�H��
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�8�Q�I�R�U�W�X�Q�D�W�H�O�\���� �W�K�H�� �O�L�P�L�W�H�G�� �S�D�O�H�R�V�H�L�V�P�L�F�� �G�D�W�D�� �R�Q�� �W�K�H�� �*�0�)�� �D�Q�G�� �5�&�)���� �D�V�� �Z�H�O�O�� �D�V�� �W�K�H�� �D�E�V�H�Q�F�H�� �R�I��
�S�D�O�H�R�V�H�L�V�P�L�F���G�D�W�D���R�Q���W�K�H���6�&�&�)���W�R���W�K�H���Q�R�U�W�K�����G�R���Q�R�W���S�H�U�P�L�W���G�R�F�X�P�H�Q�W�D�W�L�R�Q���R�I���U�X�S�W�X�U�H���E�H�K�D�Y�L�R�U���R�Q��
�W�K�H���H�Q�W�L�U�H���3�)�6���D�Q�G���L�W�V���U�H�O�D�W�L�R�Q�V�K�L�S���W�R���W�K�H���(�)�6�����)�L�J�X�U�H���������������&�R�Q�V�L�G�H�U�L�Q�J���W�K�H���D�S�S�D�U�H�Q�W�O�\���R�O�G�H�U���W�L�P�L�Q�J��
�R�I�� �W�K�H�� �0�5�(�� �R�Q�� �W�K�H�� �D�Q�W�L�W�K�H�W�L�F�� �*�0�)�� �D�Q�G�� �5�&�)���� �R�X�U�� �S�U�H�I�H�U�U�H�G�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �L�V�� �W�K�D�W�� �W�K�H�V�H�� �I�D�X�O�W�V��
�U�X�S�W�X�U�H�G�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �I�U�R�P�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W���G�X�U�L�Q�J�� �W�K�H�� �+�R�O�R�F�H�Q�H�� ���D�V�V�X�P�L�Q�J�� �W�K�H�� �0�5�(�� �D�W�� �W�K�H��
�(�2�&�������6�L�W�H���L�V���O�D�W�H���+�R�O�R�F�H�Q�H���L�Q���D�J�H�������+�R�Z�H�Y�H�U�����W�K�H�U�H���D�U�H���D�O�W�H�U�Q�D�W�L�Y�H���O�H�V�V���O�L�N�H�O�\���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���W�R��
�F�R�Q�V�L�G�H�U���� �)�L�U�V�W���� �W�K�H�U�H�� �L�V�� �Q�R�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �S�D�V�W�� �U�X�S�W�X�U�H�V�� �R�Q�� �W�K�H�� �6�&�&�)���� �L�W�� �L�V�� �R�Q�O�\��
�D�V�V�X�P�H�G���W�K�D�W���U�X�S�W�X�U�H�V���R�Q���W�K�H���*�0�)���D�Q�G���5�&�)���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�X�S�W�X�U�H���R�Q���W�K�H���6�&�&�)�����,�W���L�V���D�O�V�R��
�S�R�V�V�L�E�O�H���W�K�D�W���W�K�H���6�&�&�)���D�Q�G���3�D�M�D�U�L�W�R���I�D�X�O�W�V���U�X�S�W�X�U�H�G���W�R�J�H�W�K�H�U���L�Q���W�K�H���O�D�W�H���+�R�O�R�F�H�Q�H���I�R�O�O�R�Z�L�Q�J���D���P�L�G��
�+�R�O�R�F�H�Q�H���U�X�S�W�X�U�H���R�Q���W�K�H���5�&�)���D�Q�G���*�0�)�����)�L�J�X�U�H���������������7�K�L�V���P�R�G�H�O���Z�R�X�O�G���U�H�T�X�L�U�H���W�K�D�W���W�K�H���D�Q�W�L�W�K�H�W�L�F��
�I�D�X�O�W�V���S�H�Q�H�W�U�D�W�H���W�K�H���H�Q�W�L�U�H���Z�L�G�W�K���R�I���W�K�H���V�H�L�V�P�R�J�H�Q�L�F���F�U�X�V�W���D�Q�G���F�D�Q���K�D�Y�H���W�K�H�L�U���R�Z�Q���U�X�S�W�X�U�H���K�L�V�W�R�U�\����
�$���V�H�F�R�Q�G���D�O�W�H�U�Q�D�W�L�Y�H���P�R�G�H�O���L�V���W�K�D�W���W�K�H���D�Q�W�L�W�K�H�W�L�F���5�&�)���D�Q�G���*�)���U�X�S�W�X�U�H�G���Z�L�W�K���W�K�H���6�&�&�)���I�R�O�O�R�Z�H�G���D��
�I�H�Z�� �W�K�R�X�V�D�Q�G�� �\�H�D�U�V�� �O�D�W�H�U�� �E�\�� �U�X�S�W�X�U�H�� �R�I�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W���� �� �)�L�Q�D�O�O�\���� �D�� �W�K�L�U�G�� �D�O�W�H�U�Q�D�W�L�Y�H�� �P�R�G�H�O��
�F�R�Q�V�L�G�H�U�V���W�K�D�W���D�O�O���R�I���W�K�H���3�)�6���I�D�X�O�W�V���U�X�S�W�X�U�H���W�R�J�H�W�K�H�U���L�Q���W�K�H���O�D�W�H���+�R�O�R�F�H�Q�H�����D�Q�G���W�K�X�V���W�K�H���H�[�L�V�W�L�Q�J������ �&��
�D�J�H�� �F�R�Q�V�W�U�D�L�Q�W�V�� �R�Q�� �W�K�H�� �0�5�(�� �I�R�U�� �W�K�H�� �*�0�)�� �D�Q�G�� �5�&�)�� �D�U�H�� �I�U�R�P�� �U�H�Z�R�U�N�H�G�� �R�O�G�H�U�� �G�H�W�U�L�W�D�O�� �F�K�D�U�F�R�D�O������
�5�H�J�L�R�Q�D�O���I�D�X�O�W���O�L�Q�N�D�J�H���X�Q�F�H�U�W�D�L�Q�W�L�H�V���D�V���Q�R�W�H�G���D�E�R�Y�H���F�D�Q���R�Q�O�\���E�H���U�H�V�R�O�Y�H�G���Z�L�W�K���D�G�G�L�W�L�R�Q�D�O���Z�R�U�N���D�Q�G��
�G�H�Y�H�O�R�S�P�H�Q�W���R�I���E�H�W�W�H�U���H�D�U�W�K�T�X�D�N�H���F�K�U�R�Q�R�O�R�J�L�H�V���R�Q���W�K�H���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W�V�����D�V���Z�H�O�O���D�V���R�Q���W�K�H�� �6�&�&�)��
�W�R���W�K�H���Q�R�U�W�K����
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�/�&�,���3�U�R�M�H�F�W���1�R���������������������� �������� �6�H�S�W�H�P�E�H�U��������������������

9.0 ��CONCLUSIO NS  

�5�H�V�X�O�W�V���I�U�R�P���W�K�L�V���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�\���V�L�J�Q�L�I�L�F�D�Q�W�O�\���U�H�G�X�F�H���X�Q�F�H�U�W�D�L�Q�W�\���R�Q���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I��
�+�R�O�R�F�H�Q�H�� �V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J�� �H�D�U�W�K�T�X�D�N�H�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �D�Q�G�� �K�H�O�S�� �W�R�� �F�R�Q�V�W�U�D�L�Q�� �D�O�W�H�U�Q�D�W�L�Y�H��
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�Q���U�H�F�X�U�U�H�Q�F�H���D�Q�G���V�X�U�I�D�F�H���U�X�S�W�X�U�H���P�R�G�H�O�V���I�R�U���W�K�H���3�)�6�����L�Q�F�O�X�G�L�Q�J���W�K�H���*�0�)�����5�&�)����
�D�Q�G�� �6�&�&�)������ �,�Q�� �W�K�H�� �V�X�P�P�D�U�\�� �E�H�O�R�Z���� �Z�H�� �G�L�V�F�X�V�V�� �W�K�H�� �+�R�O�R�F�H�Q�H�� �H�Y�H�Q�W�� �F�K�U�R�Q�R�O�R�J�\�� �I�U�R�P�� �R�X�U��
�S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�\���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���D�Q�G���R�Q���W�K�H���O�D�U�J�H�U���3�)�6�����D�Q�G���G�L�V�F�X�V�V���S�R�V�V�L�E�O�H���D�G�G�L�W�L�R�Q�D�O��
�V�W�X�G�L�H�V�� �W�R�� �D�G�G�U�H�V�V�� �U�H�P�D�L�Q�L�Q�J�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�V�V�X�H�V�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �U�H�F�X�U�U�H�Q�F�H�� �D�Q�G�� �V�X�U�I�D�F�H�� �U�X�S�W�X�U�H��
�P�R�G�H�O�V���I�R�U���W�K�H���J�U�H�D�W�H�U���3�)�6�����:�H���S�U�H�V�H�Q�W���D���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����D�O�W�H�U�Q�D�W�L�Y�H���E�X�W���O�R�Z�H�U���O�L�N�H�O�L�K�R�R�G��
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���V�������D�Q�G���W�K�H���U�D�Q�J�H���R�I���S�R�V�V�L�E�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���I�R�U���W�K�H���Q�X�P�E�H�U���D�Q�G���W�L�P�L�Q�J���R�I���+�R�O�R�F�H�Q�H��
�H�D�U�W�K�T�X�D�N�H�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���D�Q�G���3�)�6����

���������+�2�/�2�&�(�1�(���&�+�5�2�1�2�/�2�*�<���2�1���7�+�(���3�$�-�$�5�,�7�2���)�$�8�/�7����

�3�U�H�I�H�U�U�H�G�� �,�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �±�� �$�� �V�L�Q�J�O�H�� �+�R�O�R�F�H�Q�H�� �H�Y�H�Q�W�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�����3�D�O�H�R�V�H�L�V�P�L�F�� �V�W�X�G�L�H�V��
�Z�H�U�H���S�H�U�I�R�U�P�H�G���D�W���W�Z�R���V�L�W�H�V���R�Q���W�K�H���S�U�L�P�D�U�\���V�W�U�D�Q�G�V���R�I���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�����6�L�W�H�V���%���D�Q�G���&�����D�Q�G���R�Q�H��
�V�L�W�H���R�Q���D�Q���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W���G�L�U�H�F�W�O�\���H�D�V�W���R�I���W�K�H���S�U�L�P�D�U�\���W�U�D�F�H�����6�L�W�H���$�������)�L�J�X�U�H�����������������7�K�H���W�Z�R���V�L�W�H�V���R�Q��
�W�K�H�� �S�U�L�P�D�U�\�� �V�W�U�D�Q�G�V�� �R�I�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W�� �G�R�F�X�P�H�Q�W�� �Z�L�W�K�� �D�� �K�L�J�K�� �O�H�Y�H�O�� �R�I�� �F�R�Q�I�L�G�H�Q�F�H�� �R�Q�H�� �O�D�W�H��
�+�R�O�R�F�H�Q�H���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J���H�D�U�W�K�T�X�D�N�H���D�V���\�R�X�Q�J�H�U���W�K�D�Q���a���������W�R�����������N�D�����7�D�E�O�H�V�����������D�Q�G�������������)�L�J�X�U�H�V��
���������D�Q�G�����������������7�K�H���S�U�H�I�H�U�U�H�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���G�D�W�D���I�U�R�P���6�L�W�H���$���D�O�V�R���V�X�S�S�R�U�W�V���F�R�U�U�H�O�D�W�L�R�Q���R�I���D���O�D�W�H��
�+�R�O�R�F�H�Q�H���H�Y�H�Q�W���D�W���D�O�O���W�K�U�H�H���V�L�W�H�V�����7�K�H�V�H���U�H�V�X�O�W�V���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���H�D�U�O�L�H�U���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V��
�S�H�U�I�R�U�P�H�G���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W���E�\���0�F�&�D�O�S�L�Q�����������������W�K�D�W���D�O�V�R���L�G�H�Q�W�L�I�L�H�G���R�Q�H���O�D�W�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W���D�W��
�6�L�W�H�����������D�����7�D�E�O�H�����������������2�X�U���U�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���0�5�(���D�W���W�K�H���(�2�&�������V�L�W�H�����5�H�Q�H�D�X���H�W���D�O������������������
�D�O�V�R���V�X�S�S�R�U�W�V���D���V�L�Q�J�O�H���O�D�W�H���+�R�O�R�F�H�Q�H���H�Y�H�Q�W������

�$�O�W�H�U�Q�D�W�L�Y�H���,�Q�W�H�U�S�U�H�W�D�W�L�R�Q���±���7�Z�R���+�R�O�R�F�H�Q�H���H�Y�H�Q�W�V���R�Q���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W�������5�H�V�X�O�W�V���I�U�R�P���R�X�U���W�U�H�Q�F�K��
�V�W�X�G�\���L�Q�W�H�J�U�D�W�H�G���Z�L�W�K���W�K�H���U�H�V�X�O�W�V���I�U�R�P���H�D�U�O�L�H�U���S�D�O�H�R�V�H�L�V�P�L�F���V�W�X�G�L�H�V���D�O�V�R���S�U�R�Y�L�G�H���H�T�X�L�Y�R�F�D�O���H�Y�L�G�H�Q�F�H��
�I�R�U���D�Q���H�D�U�O�\���+�R�O�R�F�H�Q�H���R�U���O�D�W�H�V�W���3�O�H�L�V�W�R�F�H�Q�H���H�Y�H�Q�W���R�Q���W�K�H���S�U�L�P�D�U�\���3�D�M�D�U�L�W�R���I�D�X�O�W�����)�L�J�X�U�H�������������7�D�E�O�H�V��
���������D�Q�G���������������)�R�U���H�[�D�P�S�O�H�����W�K�H���(�2�&�������V�L�W�H���P�D�\���K�D�Y�H���U�H�F�R�U�G�H�G���D�Q���H�D�U�O�\���W�R���P�L�G���+�R�O�R�F�H�Q�H���H�Y�H�Q�W��
���5�H�Q�H�D�X���H�W���D�O������ �������������D�Q�G���W�K�H���S�H�Q�X�O�W�L�P�D�W�H���H�Y�H�Q�W���D�W���6�L�W�H���&���D�O�V�R���P�D�\���K�D�Y�H���R�F�F�X�U�U�H�G���L�Q���W�K�H���O�D�W�H�V�W��
�3�O�H�L�V�W�R�F�H�Q�H���W�R���H�D�U�O�\���+�R�O�R�F�H�Q�H�����7�K�X�V�����D�Q���D�O�W�H�U�Q�D�W�L�Y�H���P�R�G�H�O���L�V���W�K�D�W���W�Z�R���+�R�O�R�F�H�Q�H���V�X�U�I�D�F�H���I�D�X�O�W�L�Q�J��
�H�D�U�W�K�T�X�D�N�H�V���K�D�Y�H���R�F�F�X�U�U�H�G���R�Q���W�K�H���S�U�L�P�D�U�\���3�D�M�D�U�L�W�R���I�D�X�O�W���V�H�S�D�U�D�W�H�G���E�\���D�S�S�U�R�[�L�P�D�W�H�O�\�������W�R�������N�D������

�5�D�Q�J�H�� �R�I�� �,�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�±�� �8�S�� �W�R�� �W�K�U�H�H�� �+�R�O�R�F�H�Q�H�� �(�Y�H�Q�W�V�� �R�Q�� �W�K�H�� �3�D�M�D�U�L�W�R�� �I�D�X�O�W���� �7�K�H�� �U�D�Q�J�H�� �R�I��
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���:�7�7����

�L�Q�F�O�X�G�H�G������
�W�U�H�Q�F�K�H�V����

�%�D�V�D�O���I�D�X�O�W���]�R�Q�H���R�I��
������ ���P���K�L�J�K���H�D�V�W�H�U�Q��
�H�V�F�D�U�S�P�H�Q�W��
���V�X�E�V�H�T�X�H�Q�W��
�P�D�S�S�L�Q�J���E�\��
�0�F�&�D�O�S�L�Q������������
�L�Q�G�L�F�D�W�H�V���P�X�O�W�L�S�O�H��

�'�7�:���]�R�Q�H���R�I���I�D�X�O�W�V�����Z�L�W�K��
�W�H�U�P�L�Q�D�W�L�R�Q�V���D�Q�G���D�V�V�R�F�L�D�W�H�G��
�I�L�V�V�X�U�H���I�L�O�O�V���D�Q�G���F�R�O�O�X�Y�L�X�P���S�U�R�Y�L�G�L�Q�J��
�H�Y�L�G�H�Q�F�H���I�R�U���D�W���O�H�D�V�W���������S�R�V�V�L�E�O�\������
�I�D�X�O�W�L�Q�J���H�Y�H�Q�W�V���E�X�W���W�K�H�\���P�D�\���E�H��
�Q�R�Q���W�H�F�W�R�Q�L�F���D�Q�G���O�D�Q�G�V�O�L�G�H���U�H�O�D�W�H�G��

�����5�&���D�Q�G�������7�/���D�Q�D�O�\�V�H�V�����0�5�(���S�U�H�G�D�W�H�V��
�+�R�O�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P���D�Q�G���X�Q�G�H�U�O�\�L�Q�J���(�O���&�D�M�H�W�H��
�3�X�P�L�F�H�����Z�K�L�O�H���S�R�V�W���G�D�W�L�Q�J���F�R�O�O�X�Y�L�X�P���Z�L�W�K���7�/���D�J�H��
�R�I���������“�������������5�&���D�J�H�V���R�I���������	���������N�D�����Z�H�U�H��
�L�Q�W�H�U�S�U�H�W�H�G���D�V�����S�R�V�V�L�E�O�\���F�R�Q�W�D�P�L�Q�D�W�H�G���R�U��
�L�Q�W�U�X�V�L�Y�H����

�:�R�Q�J���H�W���D�O����
�����������������2�O�L�J���H�W���D�O����

����������������

��
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�O�D�Q�G�V�O�L�G�H�V���D�W���W�K�L�V��
�V�L�W�H������

�:�D�W�H�U��
�&�D�Q�\�R�Q��
���:�&�7����

�%�D�V�H���R�I���H�V�F�D�U�S�P�H�Q�W��
�Z�L�W�K�����H�V�W�L�P�D�W�H�G����������
�P���R�I���1�9�7�'����

�1�R���G�H�I�R�U�P�D�W�L�R�Q���H�[�S�R�V�H�G���L�Q�����S�R�V�W��
�(�O���&�D�M�H�W�H���D�O�O�X�Y�L�X�P��

�����5�&���D�Q�D�O�\�V�H�V�� �:�R�Q�J���H�W���D�O����
�����������������2�O�L�J���H�W���D�O����

����������������

��

���� ������ �%�D�V�D�O���I�D�X�O�W���]�R�Q�H���R�I��
���� ���P���K�L�J�K��
�H�V�F�D�U�S�P�H�Q�W����
�6�S�H�F�L�I�L�F�D�O�O�\�����Z�K�H�U�H��
�W�Z�R���I�D�X�O�W�V���W�K�D�W���V�W�H�S��
�4�E�W���'�7�(���D�U�H��
�S�U�R�M�H�F�W�H�G���W�R���S�R�V�V�L�E�O�\��
�I�D�X�O�W���D�Q���L�Q�W�H�U�P�H�G�L�D�W�H��
�D�J�H���D�O�O�X�Y�L�D�O���I�D�Q��

�����V�W�H�H�S���I�D�X�O�W���]�R�Q�H�V���W�K�D�W���L�Q�F�O�X�G�H��
�Q�R�U�P�D�O���I�D�X�O�W�V�����J�U�D�E�H�Q�V���D�Q�G��
�I�L�V�V�X�U�H�V�����R�Y�H�U�D�O�O���W�K�H�\���V�W�H�S���4�E�W���a����
�P���'�7�(���D�J�D�L�Q�V�W���V�H�G�L�P�H�Q�W�V����
�V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���V�W�U�X�F�W�X�U�D�O��
�U�H�O�D�W�L�R�Q�V���L�Q�G�L�F�D�W�H���D�W���O�H�D�V�W�������S�R�V�W��
�4�E�W���I�D�X�O�W�L�Q�J���H�Y�H�Q�W�V���R�F�F�X�U�U�H�G��

�����5�&���D�Q�G�������7�/���D�Q�D�O�\�V�H�V�����$�O�O�������D�J�H�V���Z�H�U�H���I�R�U��
�X�Q�I�D�X�O�W�H�G���V�H�G�L�P�H�Q�W�V���W�K�D�W���G�U�D�S�H���W�K�H���0�5�(���F�R�O�O�X�Y�L�D�O��
�Z�H�G�J�H�������,�5�6�/���D�J�H�V���Z�H�U�H���V�W�U�D�W�L�J�U�D�S�K�L�F�D�O�O�\��
�U�H�Y�H�U�V�H�G���D�Q�G���D�U�H���P�X�F�K���R�O�G�H�U���W�K�D�Q���E�R�W�K���5�&���D�Q�G��
�6�'�,���D�J�H�V���W�K�D�W���V�X�J�J�H�V�W���W�K�H���0�5�(���R�F�F�X�U�U�H�G��
�E�H�W�Z�H�H�Q�����������D�Q�G���������N�D����

�0�F�&�D�O�S�L�Q��������������������
�0�F�&�D�O�S�L�Q������������������
�*�D�U�G�Q�H�U���H�W���D�O�������L�Q��

�S�U�H�S�����F�L�W�H�G���L�Q��
�:�R�Q�J���H�W���D�O����������������

��

Rendija Canyon Fault  (north to south) :��

�*�X�D�M�H���3�L�Q�H�V��
���L�Q�F�O�X�G�H�G������
�W�U�H�Q�F�K�H�V����

�:�H�V�W���I�D�F�L�Q�J���V�F�D�U�S���R�I��
�P�D�M�R�U���D�Q�W�L�W�K�H�W�L�F�� �I�D�X�O�W��
�W�R���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W��

�1�D�U�U�R�Z���� �K�L�J�K���D�Q�J�O�H���� �Q�R�U�P�D�O�� �I�D�X�O�W�V��
�Z�L�W�K�� �R�Q�H�� �P�L�Q�R�U�� �D�Q�W�L�W�K�H�W�L�F�� �I�D�X�O�W����
�V�W�U�X�F�W�X�U�D�O�� �D�Q�G�� �V�W�U�D�W�L�J�U�D�S�K�L�F��
�H�Y�L�G�H�Q�F�H���I�R�U�� �D�W�� �O�H�D�V�W�� ������ �S�R�V�V�L�E�O�\�� ������
�V�X�U�I�D�F�H���U�X�S�W�X�U�H�V��

�����7�/���D�Q�G�������5�&���D�Q�D�O�\�V�H�V�����D�O�O���5�&���D�Q�D�O�\�V�H�V���D�J�U�H�H���D�W��
�D�U�R�X�Q�G�� ���� �N�D�� �I�R�U�� �S�R�V�W���0�5�(�� �F�R�O�O�X�Y�L�X�P���� �E�X�W�� ���� �7�/��
�D�J�H�V�� �I�U�R�P�� �W�K�H�� �V�D�P�H�� �G�H�S�R�V�L�W�� ���G�L�I�I�H�U�H�Q�W�� �O�R�F�D�W�L�R�Q����
�D�Y�H�U�D�J�H���������“�����N�D��

�.�H�O�V�R�Q���H�W���D�O����
�����������������:�R�Q�J���H�W��
�D�O������������������

�&�R�X�Q�W�\��
�/�D�Q�G�I�L�O�O�����S�U�H��

�H�[�L�V�W�L�Q�J��
�H�[�S�R�V�X�U�H������

�0�D�M�R�U�� �D�Q�W�L�W�K�H�W�L�F�� �I�D�X�O�W��
�W�R���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W��������
�R�I�������I�D�X�O�W���V�W�U�D�Q�G�V����

���� ���P���Z�L�G�H���F�R�P�S�O�H�[���I�D�X�O�W���]�R�Q�H���Z�L�W�K��
�Y�H�U�W�L�F�D�O���I�D�X�O�W�V���� �J�U�D�E�H�Q�V���� �D�Q�G�� �I�O�R�Z�H�U��
�V�W�U�X�F�W�X�U�H�V������

�1�R���D�E�V�R�O�X�W�H���D�J�H�V�����$�W���O�H�D�V�W�������S�R�V�W���4�E�W���H�Y�H�Q�W�V���Z�L�W�K��
�����P���'�7�:���Y�H�U�W�L�F�D�O���V�H�S�����D�Q�G���D�O�V�R���O�D�U�J�H���F�R�P�S�R�Q�H�Q�W��
�R�I���X�Q�F�R�Q�V�W�U�D�L�Q�H�G���O�D�W�H�U�D�O���V�O�L�S����

�:�R�Q�J���H�W���D�O����
�����������������2�O�L�J���H�W���D�O����
��������������
��

Guaje Mountain Fault  (north to south) :��

�&�K�X�S�D�G�H�U�R�V��
�&�D�Q�\�R�Q��

���L�Q�F�O�X�G�H�G��

�:�H�V�W���I�D�F�L�Q�J���V�F�D�U�S���R�I��
�P�D�M�R�U���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W��
�W�R���W�K�H���6�D�Q�W�D���&�O�D�U�D��
�&�D�Q�\�R�Q���I�D�X�O�W��

�7�U�H�Q�F�K���&�+�8������������ ���P���Z�L�G�H�����Q�H�D�U��
�Y�H�U�W�L�F�D�O�����P�D�L�Q���I�D�X�O�W���]�R�Q�H���Z�������a�����P��
�Y�H�U�W�L�F�D�O���V�H�S�D�U�D�W�L�R�Q�����Q�R�U�P�D�O���'�7�:����
�	���L�Q�I�H�U�U�H�G���O�D�U�J�H���F�R�P�S�R�Q�H�Q�W���R�I��
�O�D�W�H�U�D�O���V�O�L�S�����L�Q�F�O�X�G�H�V���\�R�X�Q�J�H�U���D�Q�G��

�������5�&���D�Q�G���������2�6�/���D�Q�D�O�\�V�H�V����

�7�U�H�Q�F�K���&�+�8�����������0�5�(���S�R�V�W�G�D�W�H�V���������N�D�����E�X�W���P�L�Q����
�O�L�P�L�W�L�Q�J���D�J�H���X�Q�F�R�Q�V�W�U�D�L�Q�H�G�����I�D�X�O�W�L�Q�J���H�[�W�H�Q�G�V���L�Q�W�R��
�P�R�G�H�U�Q���V�R�L�O���W�R���V�X�U�I�D�F�H����

�*�D�U�G�Q�H�U���H�W���D�O����
��������������
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

��
��

�� ��

�W�K�U�H�H��
�W�U�H�Q�F�K�H�V����

�R�O�G�H�U���S�R�U�W�L�R�Q�V���Z�����H�Y�L�G�H�Q�F�H���I�R�U���D�W��
�O�H�D�V�W�������H�Y�H�Q�W�V���������R�U�������R�I���Z�K�L�F�K��
�R�F�F�X�U�U�H�G���D�I�W�H�U���D�O�O�X�Y�L�X�P���Z�D�V��
�G�H�S�R�V�L�W�H�G���a�������N�D��

�7�U�H�Q�F�K���&�+�8���������0�R�V�W�O�\���Q�H�D�U��
�Y�H�U�W�L�F�D�O���P�L�Q�R�U���I�D�X�O�W�V���D�Q�G���I�U�D�F�W�X�U�H�V��
�Z�����Z�H�V�W�Z�D�U�G���W�L�O�W�L�Q�J���R�I���4�E�W��
��

�7�U�H�Q�F�K���&�+�8������������ ���P���Z�L�G�H���]�R�Q�H���R�I��
�P�L�Q�R�U���Q�H�D�U���Y�H�U�W�L�F�D�O���Q�R�U�P�D�O���I�D�X�O�W�V��
���P�D�L�Q���I�D�X�O�W���L�Q�I�H�U�U�H�G���W�R���E�H���������P���W�R��
�(����

�7�U�H�Q�F�K���&�+�8���������1�R���D�E�V�R�O�X�W�H���D�J�H�V�����E�X�W���V�R�L�O���3�'�,��
�D�J�H���H�V�W�L�P�D�W�H�V���V�X�J�J�H�V�W���I�D�X�O�W�L�Q�J���R�F�F�X�U�U�H�G���V�L�Q�F�H��
�����������N�D��
�7�U�H�Q�F�K���&�+�8�����������G�L�I�I�H�U�H�Q�W�L�D�O���G�L�V�S�O�D�F�H�P�H�Q�W�V��
�V�X�J�J�H�V�W���D�W���O�H�D�V�W���W�Z�R���U�X�S�W�X�U�H�V���R�F�F�X�U�U�H�G���Z�L�W�K��
�\�R�X�Q�J�H�V�W���R�F�F�X�U�U�L�Q�J���E�H�W�Z�H�H�Q�����������D�Q�G���������N�D���E�D�V�H�G��
�R�Q���2�6�/���D�Q�G���5�&���D�J�H�V�����+�R�Z�H�Y�H�U�����P�L�Q�����O�L�P�L�W�L�Q�J���D�J�H��
�V�D�P�S�O�H���Z�D�V���I�U�R�P���V�W�X�P�S���K�R�O�H��

�&�D�E�U�D��
�&�D�Q�\�R�Q��

���L�Q�F�O�X�G�H�G��
�P�D�L�Q���W�U�H�Q�F�K��

�D�Q�G���V�O�L�W��
�W�U�H�Q�F�K���Z�L�W�K�L�Q����

�:�H�V�W���I�D�F�L�Q�J���V�F�D�U�S���R�I��
�P�D�M�R�U���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W��
�D�W���D���O�D�W�L�W�X�G�H���E�H�W�Z�H�H�Q��
�W�K�H���3�D�M�D�U�L�W�R���D�Q�G��
�6�D�Q�W�D���&�O�D�U�D���&�D�Q�\�R�Q��
�I�D�X�O�W�V��

�7�K�U�H�H���P�D�L�Q���I�D�X�O�W���]�R�Q�H�V�����D���P�L�G��
�W�U�H�Q�F�K���V�W�U�L�N�H���V�O�L�S���]�R�Q�H�����D���P�L�G��
�W�U�H�Q�F�K���O�R�Z���D�Q�J�O�H���]�R�Q�H�����D�Q�G���D��������
�P���Z�L�G�H���P�D�L�Q���Q�R�U�P�D�O���I�D�X�O�W���]�R�Q�H���W�K�D�W��
�L�Q�F�O�X�G�H�V���\�R�X�Q�J�H�U���D�Q�G���R�O�G�H�U��
�S�R�U�W�L�R�Q�V���Z�����H�Y�L�G�H�Q�F�H���I�R�U���D�W���O�H�D�V�W��
�W�Z�R���H�Y�H�Q�W�V��������

�������5�&���D�J�H�V���F�R�Q�V�W�U�D�L�Q���W�L�P�H���R�I���0�5�(���������������������N�D��
���R�Q�O�\���R�Q�H���P�D�[�����O�L�P�L�W�L�Q�J���D�J�H����

�*�D�U�G�Q�H�U���H�W���D�O����
�����������������*�D�U�G�Q�H�U���H�W��
�D�O������������������

�6�S�R�U�W�V�P�H�Q�¶�V��
�&�O�X�E��

���L�Q�F�O�X�G�H�G���I�R�X�U��
�W�U�H�Q�F�K�H�V�����V�R�L�O��

�S�L�W�V�����D�Q�G��
�S�U�R�I�L�O�H�V����

�0�D�M�R�U���D�Q�W�L�W�K�H�W�L�F���I�D�X�O�W��
�W�R���W�K�H���3�D�M�D�U�L�W�R���I�D�X�O�W��

�1�R�Q�H�����R�E�V�H�U�Y�D�W�L�R�Q�V���R�I���D���]�R�Q�H���R�I��
�I�D�X�O�W�L�Q�J���L�Q���&�H�U�U�R���7�R�O�H�G�R���G�H�S�R�V�L�W�V��
�H�[�S�R�V�H�G���L�Q���D���J�X�O�O�\���W�R���W�K�H���1�:��
�V�X�J�J�H�V�W�V���W�K�D�W���W�K�H���*�0�)���P�D�\���E�H��
�O�R�F�D�W�H�G���Z�H�V�W���R�I���W�U�H�Q�F�K�H�V����

�7�R�S�R�J�U�D�S�K�L�F���S�U�R�I�L�O�H�V���P�H�D�V�X�U�H�G���D�F�U�R�V�V���I�O�X�Y�L�D�O��
�W�H�U�U�D�F�H�V���R�I���G�L�I�I�H�U�H�Q�W���D�J�H�V���V�K�R�Z���G�L�I�I�H�U�H�Q�W�L�D�O��
�R�I�I�V�H�W�V�����V�X�J�J�H�V�W�����W�K�D�W���D�W���O�H�D�V�W���������R�U���S�R�V�V�L�E�O�\��������
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���8�Q�F�H�U�W�D�L�Q�W�\���L�Q�F�R�U�S�R�U�D�W�H���D�O�O���U�D�Q�G�R�P���D�Q�G���V�\�V�W�H�P�D�W�L�F���H�U�U�R�U�V�����L�Q�F�O�X�G�L�Q�J���G�R�V�H���U�D�W�H�V���H�U�U�R�U�V���D�Q�G���X�Q�F�H�U�W�D�L�Q�W�\���I�R�U���W�K�H���'�(����
���/�X�P�L�Q�H�V�F�H�Q�F�H���D�J�H�V���U�H�O�D�W�H���W�R���G�D�W�X�P���R�I�������������$�'�����$�J�H���S�U�H�V�H�Q�W�H�G���Z�L�W�K���Q�R���V�W�D�W�L�V�W�L�F�D�O���H�U�U�R�U���U�H�S�U�H�V�H�Q�W���V�D�W�X�U�D�W�H�G���D�J�H�V�����D�Q�G���D�U�H���F�R�Q�V�L�G�H�U�H�G���P�L�Q�L�P�X�P���H�V�W�L�P�D�W�H�V���R�I���W�K�H���G�H�S�R�V�L�W���D�J�H



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�7�D�E�O�H�������������6�L�W�H���$���(�Y�H�Q�W���,�Q�G�L�F�D�W�R�U�V��

EVENT TRENCH METER 

TYPE OF 

EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 

���� �$�7�����6�� ������������ �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����6�� ������������ �9�R�� ������ �� �$���$���%���&���%�� �� ��

���� �$�7�����6�� ������������ �%�I�I�� ������ �� �1�&���$���%���%���%�� ��
�6�R�P�H���R�I���W�K�H���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U���U�D�Q�N�L�Q�J�V���U�H�I�O�H�F�W��
�G�L�I�I�H�U�H�Q�W���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���H�Y�H�Q�W���L�Q�G�L�F�D�W�R�U�V��

�Z�K�L�F�K���F�D�X�V�H���U�D�Q�N�L�Q�J���W�R���E�H���O�R�Z�H�U���K�L�J�K�H�U��
��

���� �$�7�����6�� ������������ �8�W�E�� �)�=�� �&���&���&���&���%��
�0�R�G�H�U�D�W�H���+�L�J�K��

���� �$�7�����1�� ���������� �9�R�� ������ �� �$���$���$���$���$��

���� �$�7�����1�� ���������� �)�L�V�� ������ �� �$���$���%���&���%�� ��

���� �$�7�����1�� ���������� �%�I�I�� �E�H�G�U�R�F�N�� �1�&���$���%���%���%�� �� ��

���� �$�7�����6�� ������������ �9�R�� ������ �� �&���%���%���%���%�� �� ��

���D�� �$�7�����6�� ������������ �9�R�� ������ �� �$���$���$���$���$�� �� �(�Y�L�G�H�Q�F�H���I�R�U���W�K�L�V���H�Y�H�Q�W���L�V���R�I���K�L�J�K���T�X�D�O�L�W�\���E�X�W��
�R�Q�O�\���V�H�H�Q���R�Q���R�Q�H���Z�D�O�O���D�Q�G���E�D�V�H�G���S�U�L�P�D�U�L�O�\��
�R�Q���S�R�R�U�O�\���F�R�Q�V�W�U�D�L�Q�H�G���F�R�Q�W�D�F�W���E�H�W�Z�H�H�Q����������
�D�Q�G�������������,�I���W�K�L�V���L�V���F�R�O�O�X�Y�L�D�O���V�W�U�D�W�L�J�U�D�S�K�\���W�K�H�Q��

�D�O�O���S�D�U�W���R�I���(����

���D�� �$�7�����6�� ������������ �)�L�V�� ������ �� �$���%���%���%���$�� �/�R�Z�����V�H�S�D�U�D�W�H��
�I�U�R�P���(������

���D�� �$�7�����6�� ������������ �$�F�� ������ �� �$���$���$���$���$�� ��

���� �$�7�����1�� ���������� �9�R�� ������ �� �$���$���%���&���$�� �� ��

���� �$�7�����1�� ���������� �7�Z�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����1�� ���������� �9�R�� ������ �� �&���%���%���%���%�� �� ��

���� �$�7�����1�� ���������� �7�Z�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����1�� ���������� �$�F�� ������ �� �$���&���%���%���%�� �+�L�J�K�� ��

���� �$�7�����1�� ���������� �7�K�� ������ �� �$���%���%���$���%�� �� ��

���� �$�7�����6�� ���� ������ �� �7�K�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����6�� ���� �� �7�Z�� ������ �� �%���%���%���%���%�� �� ��

���� �$�7�����6�� ���� �� �9�R�� ������ �� �&���&���&���&���&�� �� ��
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TYPE OF 

EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 

���� �$�7�����6�� ������������ �9�R�� ������������������ �$���$���$���%���%�� ��

�6�H�H�Q���R�Q���E�R�W�K���Z�D�O�O�V�����8�Q�F�O�H�D�U���L�I���$�&���L�V���U�H�O�D�W�H�G��
�W�R���W�K�L�V���H�Y�H�Q�W���R�I���R�O�G�H�U���H�Y�H�Q�W�V�����(�Y�H�Q�W���I�D�X�O�W�V����������

�D�J�D�L�Q�V�W������������

���� �$�7�����6�� ������������ �$�F�� ������ �� �&���&���&���&���&��
�/�R�Z���0�R�G�H�U�D�W�H��

���� �$�7�����1�� ������������ �9�R�� ������ �� �$���$���$���$���$��

�������� �$�7�����1�� ������������ �8�W�E�� ������ �� �%���%���%���%���$�� ��

���� �$�7�����1�� ���� ������ �� �7�K�� ������ �� �%���$���%���$���$�� �� ��

���� �$�7�����1�� ���� ������ �� �7�Z�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����1�� ���������� �9�R�� ������ �� �&���%���&���&���&�� �0�R�G�H�U�D�W�H���+�L�J�K�� ��

���� �$�7�����6�� ���� �� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����6�� ���� �� �7�Z�� ������ �� �%���%���%���%���%�� �� ��

���� �$�7�����6�� �������� �� �9�R�� ������ �� �� �� ��

���� �$�7�����6�� ���� �7�Z�� ������ �� �� ��
�/�L�N�H�O�\���L�Q�F�O�X�G�H�V���P�X�O�W�L�S�O�H���H�Y�H�Q�W�V������ �$�7�����1�� �������� �� �9�R�� ������ �� �� ��

���� �$�7�����1�� �������� �7�Z�� ������ �� �� �� ��

���� �$�7�����1�� ���� ������ �� �8�W�E�� ������ �� �%���%���%���%���%�� �� ��

���� �$�7�����1�� �������������� �� �&�Z�� ������ �� �%���%���%���%���%��
��

��

���� �$�7�����6�� ���� �� �&�Z�� ������ �� �&���&���&���%���%�� ��

�����R�U������ �$�7�����6�� ���������� �8�W�E�� ������ �� �$���$���$���$���$�� �� ��

���� �$�7�����1�� ���� �� �&�Z�� ������ �� �� �� ��

���� �$�7�����1�� ���� �� �&�V�Q�I�W�� ������ �� �� �� ��

���� �$�7�����1�� ���� �� �9�R�� �)�]�� �� �� ��

���� �$�7�����1�� ���������� �8�W�E�� ������ �� �� �� ��
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EVENT 
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FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 
���� �$�7�����6�� ���� �� �&�Z�� ������ �� �� �� ��

���� �$�7�����6�� ���� �� �&�V�Q�I�W�� ������ �� �� �� ��

���� �$�7�����6�� ���� �� �6�I�� �)�]�� �� �� ��

���� �$�7�����1�� ���� �� �9�R�� ������ �� �� �� �&�R�X�O�G���E�H���U�H�O�D�W�H�G���W�R���V�R�L�O���I�R�U�P�D�W�L�R�Q���D�Q�G��
�Z�H�D�W�K�H�U�L�Q�J���U�D�W�K�H�U���W�K�D�Q���W�H�F�W�R�Q�L�F���I�D�X�O�W�L�Q�J������ �$�7�����6�� ���� �� �9�R�� ������ �� �� ��

���� �$�7�����1�� �������� �8�W�E�� ������ �� �� �� ��

���� �$�7�����1�� �������� �9�R�� ������ �� �� �� ��

���� �$�7�����1�� ���� �9�R�� ��������������������������������
������ �� �� �� ��

���� �$�7�����1�� ���� �8�W�E�� ������ �� �� �� ��

���� �$�7�����6�� ���� �8�W�E�� ������ �� �� �� ��

���� �$�7�����6�� ���� �9�R�� ��������������������������������
������ �� �� �� ��

���� �$�7�����6�� ���������� �8�W�E�� ������ �� �� �� ��

���� �$�7�����6�� ���������� �8�W�E�� ������ �� �� �� ��

���� �$�7�����6�� ���� �� �8�W�E�� ������ �� �� �� ��

���� �$�7�����6�� ���� �� �9�R�� �������������� �� �� �� ��

���� �$�7�����6�� ������������ �9�R�"�� �������"���������"�� �� �� ��

���� �$�7�����6�� ������������ �8�W�E�� �������" �� �� �� ��
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�7�D�E�O�H�������������6�L�W�H���%���6�R�L�O���3�U�R�I�L�O�H���3�'�,���D�J�H�V��

�6�L�W�H����

�%�X�U�L�H�G��
�6�R�L�O��

�1�X�P�E�H�U��
�7�U�H�Q�F�K��
�/�R�F�D�W�L�R�Q��

�'�H�S�W�K��
���F�P���� �3�'�,��

�3�'�,��
�$�J�H��
���N�D����

�0�L�Q���3�'�,��
�$�J�H�����N�D����
������������ ��

�0�D�[���3�'�,��
�$�J�H�����N�D����
������������ �� �8�Q�L�W��

�6�+�&��
�6�L�W�H���%�� ��        
�%�7���3���� �� �$�� ���� �� �������� ������ ��  

������ ��
���������P�� �� �$�%�� ���� �� �������� ������ ��  
�6���Z�D�O�O�� �� �%�Z���� ���� �� �������� ������ ��  
���� �E���� �%�Z���� ���� �� �������� �������� �������� ����
���� ���� �5�� ���� �� �������� ������ ���� ���� ������ ��

�%�7���3���� �� �$�� ���� �������� ������ ��  
������ �����������P�� �� �%�$�� ���� �� �������� ������ ��  

���� �E���� �%�Z�� ���� �� �������� �������� �������� ��������
���� �� �%�W���E���� ���� �� �������� ������ ��  ������ ��
���� �E���� �%�W���E���� ���� �� ���������� ���� ���� ����
���� ���� �%�&�E���� ���� �� ���� ���� ���� ����

�������������� ������ �� �%�W���E���� ������ �� �������� ������ ��  
���� �E���� �5���%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
���� ���� �5�� ������ �� �������� ������ ���� ���� �������������� ��
�%�7���3���� �� �$�� ���� �������� ������ ��  

�������������� ��
������������
�P�� �� �%�$�� ���� �� �������� ������ ��  
���� �� �%�Z���� ���� �� �������� ������ ��  
���� �E���� �%�Z���� ���� �� �������� �������� �������� ��������
���� �� �%�W���E���� ���� �� �������� ������ ��  ���������������������� ��
���� �E���� �%�W���E���� ���� �� ���������� ���� ���� ����
���� �� �%�W���E���� ������ �� �������� ������ ��  �������������� ��
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
���� �� �%�W���E���� ������ �� �������� ������ ��  

�������������� ������ �� �%�W���E���� ������ �� �������� ������ ��  
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
���� �� �%�W���E���� ������ �� �������� ������ ��  

������ ������ �� �%�W���E���� ������ �� �������� ������ ��  
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
���� ���� �5�� ������ �� �������� ������ ���� ���� �������������� ��

�%�7���3���� �� �$�� ���� �������� ������ ��  

����������������

�����������P�� �� �$�%�� ���� �� �������� ������ ��  
�1���:�D�O�O�� �� �%�Z���� ���� �� �������� ������ ��  
���� �� �%�Z���� ���� �� �������� ������ ��  
���� �� �%�Z���� ���� �� �������� ������ ��  
���� �E���� �%�Z���� ���� �� �������� ���� �������� ����
������ �� �� �%�W���E���� ������ �� �������� ������ ��  

������ �� �%�W���E���� ������ �� �������� ������ ��  
���� �� �%�W���E���� ������ �� �������� ������ ��  
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
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�6�L�W�H����

�%�X�U�L�H�G��
�6�R�L�O��

�1�X�P�E�H�U��
�7�U�H�Q�F�K��
�/�R�F�D�W�L�R�Q��

�'�H�S�W�K��
���F�P���� �3�'�,��

�3�'�,��
�$�J�H��
���N�D����

�0�L�Q���3�'�,��
�$�J�H�����N�D����
������������ ��

�0�D�[���3�'�,��
�$�J�H�����N�D����
������������ �� �8�Q�L�W��

�6���:�D�O�O�� �� �%�W���E���� ������ �� �������� ������ ��  �������������� ��
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
�6���:�D�O�O�� �� �%�W���E���� ������ �� �������� ������ ��  ������ ��
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ������ ��
�6���:�D�O�O�� �� �%�W���E���� ������ �� �������� ������ ��  

������ ������ �� �%�W���E���� ������ �� �������� ������ ��  
���� �E���� �%�W���E���� ������ �� ���������� ������ �� ������ �� ������ ��
�%�7���3���� �� �$�� ���� �� ������ ��  

������ ��

�����������P�� �� �%�$�� ���� �� �� ������ ��  
�6���Z�D�O�O�� �� �%�Z���� ���� �� �� ������ ��  
���� �� �%�Z���� ���� �� ��    
���� �� �%�Z���� ���� �� ��    
���� �E���� �%�W�� ���� �� ���������� ���� ���� ����
���� ���� �%�W���E���� ���� ���� ���� ���� ���� ����

���������������������� ������ �� �%�W���E���� ������ �� �� ������ ��  
���� �E���� �%�W���E���� ������ �� ���������� ���� �� ���� �� ���� ��
���� �� �%�W���E���� ������ �� �� ������ ��  

���������������������� ��

���� �� �%�W���E���� ������ �� �� ������ ��  
���� �� �%�W���E���� ������ �� �� ������ ��  
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���8�Q�F�H�U�W�D�L�Q�W�\���L�Q�F�R�U�S�R�U�D�W�H���D�O�O���U�D�Q�G�R�P���D�Q�G���V�\�V�W�H�P�D�W�L�F���H�U�U�R�U�V�����L�Q�F�O�X�G�L�Q�J���G�R�V�H���U�D�W�H�V���H�U�U�R�U�V���D�Q�G���X�Q�F�H�U�W�D�L�Q�W�\���I�R�U���W�K�H���'�(����
���/�X�P�L�Q�H�V�F�H�Q�F�H���D�J�H�V���U�H�O�D�W�H���W�R���G�D�W�X�P���R�I�������������$�'�����$�J�H���S�U�H�V�H�Q�W�H�G���Z�L�W�K���Q�R���V�W�D�W�L�V�W�L�F�D�O���H�U�U�R�U���U�H�S�U�H�V�H�Q�W���V�D�W�X�U�D�W�H�G���D�J�H�V�����D�Q�G���D�U�H���F�R�Q�V�L�G�H�U�H�G���P�L�Q�L�P�X�P���H�V�W�L�P�D�W�H�V���R�I���W�K�H���G�H�S�R�V�L�W���D�J�H����
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�7�D�E�O�H�������������6�L�W�H���%�������&���5�H�V�X�O�W�V��

Trench  Sample Name  Wall  
Station  

X 

Station  

Y 
LCI Unit #  Lab ID fraction Modern 1 �/14�&�����Å��1,2 Lab 14C Age 

�����1��3 
Calibrated Ages  
cal yr  B.P. �����1��4 

�7
�U

�H
�Q

�F
�K

���
7

���
���

�%���7���E���5�&���� �6�R�X�W�K�� ������������ ������������ ������ �� �Q�R���F�K�D�U�F�R�D�O��

�%���7���E���5�&������ �6�R�X�W�K�� ������������ ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�%���7���E���5�&������ �6�R�X�W�K�� ������������ ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� �������������� ��������������

�%���7���E���5�&������ �6�R�X�W�K�� ������������ ���������� ������ �� ������������ �� �����������“���������������� �����������“���������� �����������“�������� ������������ ������������

�%���7���E���5�&������ �6�R�X�W�K�� ���� �� ������������ ������ �� ������������ �� �������������“���������������� �����������“���������� �����������“�������� �������������� ��������������

�%���7���E���5�&������ �6�R�X�W�K�� ���������� �������������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�%���7�����5�&���� �1�R�U�W�K�� ������������ ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�7
�U

�H
�Q

�F
�K

���
7

���
��� �%���7�����5�&���� �6�R�X�W�K�� ���������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�%���7�����5�&���� �6�R�X�W�K�� �������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�%���7�����5�&���� �1�R�U�W�K�� ���������� ���������� �������������������� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�%���7�����5�&���� �1�R�U�W�K�� ���������� ������������ ������ �� ������������ �� �������������“���������������� ���������“���������� �0�R�G�H�U�Q�� ���� ����
���5�D�G�L�R�F�D�U�E�R�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�U�H���J�L�Y�H�Q���D�V���I�U�D�F�W�L�R�Q�V���R�I���W�K�H���0�R�G�H�U�Q���V�W�D�Q�G�D�U�G�����'�����&�����D�Q�G���F�R�Q�Y�H�Q�W�L�R�Q�D�O���U�D�G�L�R�F�D�U�E�R�Q���D�J�H�����I�R�O�O�R�Z�L�Q�J���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�V���R�I���6�W�X�L�Y�H�U���D�Q�G���3�R�O�D�F�K�����5�D�G�L�R�F�D�U�E�R�Q�����Y�������������S���������������������������6�D�P�S�O�H��

�S�U�H�S�D�U�D�W�L�R�Q���E�D�F�N�J�U�R�X�Q�G�V���K�D�Y�H���E�H�H�Q���V�X�E�W�U�D�F�W�H�G�����E�D�V�H�G���R�Q���P�H�D�V�X�U�H�P�H�Q�W�V���R�I�������&���I�U�H�H���Z�R�R�G����
���$�O�O���U�H�V�X�O�W�V���K�D�Y�H���E�H�H�Q���F�R�U�U�H�F�W�H�G���I�R�U���L�V�R�W�R�S�L�F���I�U�D�F�W�L�R�Q�D�W�L�R�Q���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�V���R�I���6�W�X�L�Y�H�U���D�Q�G���3�R�O�D�F�K�������������������Z�L�W�K���G�����&���Y�D�O�X�H�V���P�H�D�V�X�U�H�G���R�Q���S�U�H�S�D�U�H�G���J�U�D�S�K�L�W�H���X�V�L�Q�J���W�K�H���$�0�6���V�S�H�F�W�U�R�P�H�W�H�U�����7�K�H�V�H���F�D�Q��

�G�L�I�I�H�U���I�U�R�P���G�����&���R�I���W�K�H���R�U�L�J�L�Q�D�O���P�D�W�H�U�L�D�O�����D�Q�G���D�U�H���Q�R�W���V�K�R�Z�Q����
���7�K�H�V�H���V�D�P�S�O�H�V���Z�H�U�H���W�U�H�D�W�H�G���Z�L�W�K���D�F�L�G���E�D�V�H���D�F�L�G�������1���+�&�O���D�Q�G�����1���1�D�2�+���������ƒ�&�����S�U�L�R�U���W�R���F�R�P�E�X�V�W�L�R�Q�����6�D�P�S�O�H���O�D�E�H�O�H�G�����0�R�G�H�U�Q�����F�R�Q�W�D�L�Q���H�[�F�H�V�V�������&����
���6�D�P�S�O�H�V���&�D�O�L�E�U�D�W�H�G���X�V�L�Q�J���2�[�&�D�O���Y�����������%�U�R�Q�N���5�D�P�V�H�\�����������������Z�L�W�K���W�Z�R���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���H�U�U�R�U����
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�7�D�E�O�H�������������&�R�P�S�D�U�L�V�R�Q���%�H�W�Z�H�H�Q���6�L�W�H���%������ �&���D�Q�G���2�6�/���5�H�V�X�O�W�V����

Units  Descriptions  
C14 OSL 

Sample  Unit  Date  Sample  Unit  Date (ka)  

������ ��

�� �%���7�����5�&���� �E�D�V�H���������� ���������������� ���� ���F�D�O���\�U���%���3������ �%���7���6���2�6�/���� ������ �� �a���������������������N�D��

�� �%���7�����5�&���� �E�D�V�H���������� ���������������������� ���F�D�O���\�U���%���3������ �%���7���6���2�6�/���� �O�R�Z�H�U���������� ���������������������N�D��

�� �%���7�����5�&���� �O�R�Z���������� �P�R�G�H�U�Q�� �%���7���1���2�6�/���� �O�R�Z���������� �����������������������N�D��

�� �%���7�����5�&���� �E�D�V�H���������� �������������������������F�D�O���\�U���%���3������ �� �� ��

������ �� �*�U�D�Y�H�O���&�K�D�Q�Q�H�O�� �%���7���E���5�&������ ������ �� �������������������������F�D�O���\�U���%���3������ �%���7���E�6���2�6�/���� ������ �� ���������������������N�D��

������ �� �$�O�O�X�Y�L�D�O���&�R�O�O�X�Y�L�D�O�"��
�%���7���E���5�&������ �W�R�S���������� ���������� ������������ ���F�D�O���\�U���%���3������ �%���7���E�6���2�6�/���� �P�L�G���������� �a���������������������N�D��

�%���7���E���5�&������ �P�L�G���������� ���������� ������������ ���F�D�O���\�U���%���3������ �� �� ��

������ �� �&�O�R�Z�Q��

�%���7�����5�&���� ������ �� ���������������������� ���F�D�O���\�U���%���3������ �%���7���6���2�6�/���� ������ �� �!�������N�D��

�%���7���E���5�&������ �O�R�Z�H�U���������� ������������ �������������� ���F�D�O���\�U���%���3������ �%���7���6���2�6�/���� ������ �� �!�������N�D��

�C�%���7���E���5�&������ �P�L�G���������� �����������������������������F�D�O���\�U���%���3������ �%���7���1���2�6�/���� �������" �� �����������������������N�D��

�� �� �� �%���7���E�6���2�6�/���� �O�R�Z�H�U���������� �!�������N�D��

�� �� �C�� �%���7���6���2�6�/���� ���������E�D�V�H�� �!�������N�D��

������ �� �(�O���&�D�M�H�W�H���+�R�U�L�]�R�Q�� ���������������������N�D���������������� ���������������������N�D���������������� ���������������������N�D���������������� ���������������������N�D���������������� ���������������N�D���������� ���������������N�D����������

������ �� �8�S�S�H�U���%�7���+�R�U�L�]�R�Q�� �1�2���$�*�(�6�� �� �� �� �� ��

������ �� �&�R�O�O�X�Y�L�D�O���:�H�G�J�H�"�� �� �� �� �%���7���6���2�6�/���� ������ �� �����������������������N�D��

������ �� �� �1�2���$�*�(�6�� �� �� �� �� ��

������ ��

�� �� �� �� �%���7���6���2�6�/���� �P�L�G���������� �!�������N�D��

�� �� �� �� �%���7���6���2�6�/���� �P�L�G���������� �!�������N�D��

�� �� �� �� �%���7���E�6���2�6�/���� ������ �� �!�������N�D��

������ �� �*�U�D�Y�H�O���R�Q���W�R�S���R�I���%�5�*�� �� �� �� �%���7���6���2�6�/���� ������ �� �!�������N�D��

������ �� �%�L�J���5�H�G���-�U�����6�R�L�O�� �1�2���$�*�(�6�� �� �� �� �� ��

������ �� �� �1�2���$�*�(�6�� �� �� �� �� ��

������ �� �� �1�2���$�*�(�6�� �� �� �� �� ��

������ �� �� �1�2���$�*�(�6�� �� �� �� �� ��

������ �� �%�D�Q�G�H�O�L�H�U���W�X�I�I�� �� �� �� �� �� ��
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

��

�7�D�E�O�H�������������6�L�W�H���%���(�Y�H�Q�W���,�Q�G�L�F�D�W�R�U�V��

EVENT TRENCH METER 

TYPE OF 

EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE COMMENTS 

���� �%�7�����1�� ���������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����1�� ���������� �$�F�� ������ �� �$���$���$���$���$�� �+�L�J�K�� ��

���� �%�7�����1�� ���������� �8�W�D�� ������ �� �&���&���&���&���&�� �� ��

���D�� �%�7�����1�� ���������� �8�W�E�� ������ �� �&���&���&���&���&��

�/�R�Z��

��

���E�� �%�7�����1�� ���������� �9�R�� ������ �� �&���&���&���%���&�� �&�R�Q�V�L�G�H�U�V���8�Q�L�W�����������D�V���E�H�L�Q�J���R�I�I�V�H�W��

���F�� �%�7�����1�� ���������� �6�K�H�D�U���E�H�Q�G�V�� ������ �� �&���&���&���%���&�� ��

���� �%�7�����6�� ���� �� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����6�� ���� �� �8�W�E�� �������������� �� �$���$���$���$���$�� �� ��

���� �%�7�����6�� ���������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����6�� ���������� �8�W�E�� �������������� �� �%���%���%���&���&�� �� ��

���� �%�7�����6�� ���������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����6�� ���������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����6�� ���������� �8�W�D�� ������ �� �$���$���$���%���%��
�+�L�J�K��

��

���� �%�7�����1�� ������������ �9�R�� ������ �� �$���$���%���%���$�� ��

���� �%�7�����1�� ���������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

���� �%�7�����1�� ������������ �8�W�D�� ������ �� �$���$���$���%���%�� �� ��

���� �%�7�����1�� �������� �9�R�� ������ �� �1�&���%���%���%���%�� �� ��

���� �%�7�����1�� �������� �9�R�� ������ �� �1�&���%���%���&���&�� �/�R�Z�� �6�H�S�D�U�D�W�H���H�Y�H�Q�W���D�W���W�R���W�K�H���Z�H�V�W���H�Q�G���R�I���7������

���� �%�7�����1�� �������� �9�R�� ������ �� �1�&���1�&���1�&���&���&�� ��

�� �� �� �� �� �� �� ��
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

EVENT TRENCH METER 

TYPE OF 

EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE COMMENTS 

���� �%�7�����1�� ���� ������ �� �9�R�� �������������� �� �� �� ��

���� �%�7�����1�� ���� ������ �� �8�W�E�� �������������� �� �� �� ��

���� �%�7�����1�� ���� ������ �� �)�L�V�� ������ �� �� �� ��

���� �%�7�����1�� ���� �� �8�W�E�� ���������������� �� �� ��

���� �%�7�����6�� ���� �� �9�R�G�� �������������� �� �� �+�L�J�K�� ��

���� �%�7�����6�� ���� �&�Z�� ������ �� �� �� ��

���� �%�7�����6�� ���� �� �8�W�D�� ������ �� �� �� ��

���� �%�7�����1�� ���� �9�R�G�� ������ �� �� �� ��

���� �%�7�����1�� ���� �9�R�� ������ �� �� �� ��

���� �%�7�����6�� ���� �9�R�G�� ������ �� �� �� ��

���� �%�7�����6�� ���� �9�R�� ������ �� �� �� ��
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�6�R�X�W�K�� �&���7���6���2�6�/���� �������� ������������ ���������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ������������������������������ ������ �� ���� ���������������“������������ �������������“������������ �����������“������

�6�R�X�W�K�� �&���7���6���2�6�/���� �������� ������������ ���������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ���������������������������� ������ �� �� �������������“���������� �������������“���������� �����������“����������

�1�R�U�W�K�� �&���7���1���2�6�/���� ���������� ������������ ���������� ������ �� �/�$���� �� ���� ���������� �������� ���� �� �������������“�������������� �����������“������������ ������������ ���������� �� �!������ �� �� �� �!���� ��

�7������

�6�R�X�W�K�� �&���7���6���2�6�/���� �������� ������ ���������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ���������������������������� ������ �� �� �������������“������������ �������������“���������� ���������“����������

�6�R�X�W�K�� �&���7���6���2�6�/���� ���������� ���������� �������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ���� �������������������� ������ �� �� �������������“������������ �������������“������������ ���������“����������

�6�R�X�W�K�� �&���7���6���2�6�/���� �������� ������������ �������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ���� ������������������������ ������ �� �� �������������“�������������� �������������“������������ �����������“����������

�6�R�X�W�K�� �&���7���6���2�6�/���� ���������� ���������� ���������� ������ �� �/�$������ �������� ���������� �������� ���� �� �������������“�������������� �����������“������������ ���������������������������� ���� �� ���� ���������������“������������ ���������������“������������ �����������“����������
���5�D�G�L�R�D�F�W�L�Y�H���L�V�R�W�R�S�L�F���F�R�P�S�R�V�L�W�L�R�Q���G�H�W�H�U�P�L�Q�H�G���E�\���L�Q�G�H�S�H�Q�G�H�Q�W���O�D�E�R�U�D�W�R�U�\���D�Q�D�O�\�V�L�V���D�W���$�F�W�L�Y�D�W�L�R�Q���/�D�E�R�U�D�W�R�U�L�H�V���/�L�P�L�W�H�G���$�Q�F�D�V�W�H�U�����2�Q�W�D�U�L�R���&�D�Q�D�G�D�����8�Q�F�H�U�W�D�L�Q�W�\���W�D�N�H�Q���D�V���“����������
���(�V�W�L�P�D�W�H�G���I�U�D�F�W�L�R�Q�D�O���G�D�\���Z�D�W�H�U���F�R�Q�W�H�Q�W���I�R�U���Z�K�R�O�H���V�H�G�L�P�H�Q�W���L�V���W�D�N�H�Q���D�V�����������D�Q�G���Z�L�W�K���D�Q���X�Q�F�H�U�W�D�L�Q�W�\���R�I���“�����������(�V�W�L�P�D�W�H�G���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���G�R�V�H���U�D�W�H���I�U�R�P���F�R�V�P�L�F���U�D�\�V���F�D�O�F�X�O�D�W�H�G���D�F�F�R�U�G�L�Q�J���W�R���3�U�H�V�F�R�W�W���D�Q�G���+�X�W�W�R�Q�������������������8�Q�F�H�U�W�D�L�Q�W�\���W�D�N�H�Q���D�V���“����������
���7�R�W�D�O���G�R�V�H���U�D�W�H���I�U�R�P���E�H�W�D�����J�D�P�P�D���D�Q�G���F�R�V�P�L�F���F�R�P�S�R�Q�H�Q�W�V�����%�H�W�D���D�W�W�H�Q�X�D�W�L�R�Q���I�D�F�W�R�U�V���I�R�U���8�����7�K���D�Q�G���.���F�R�P�S�R�V�L�W�L�R�Q�V���L�Q�F�R�U�S�R�U�D�W�L�Q�J���J�U�D�L�Q���V�L�]�H���I�D�F�W�R�U�V���I�U�R�P���0�H�M�G�D�K�O�������������������%�H�W�D���D�W�W�H�Q�X�D�W�L�R�Q���I�D�F�W�R�U���I�R�U���5�E���L�V���W�D�N�H�Q���D�V���������������F�I�����$�G�D�P�L�H�F���D�Q�G���$�L�W�N�H�Q�������������������)�D�F�W�R�U�V��

�X�W�L�O�L�]�H�G���W�R���F�R�P�S�R�Q�H�Q�W�V���D�W�W�H�Q�X�D�W�H�G���I�R�U���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W�����&�R�Q�Y�H�U�W���H�O�H�P�H�Q�W�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���W�R���E�H�W�D���D�Q�G���J�D�P�P�D���G�R�V�H���U�D�W�H�V���I�U�R�P���$�G�D�P�L�H�F���D�Q�G���$�L�W�N�H�Q�����������������D�Q�G���E�H�W�D���D�Q�G���J�D�P�P�D���D�W�W�H�Q�X�D�W�H�G���I�R�U���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W����
���$�Y�H�U�D�J�H���H�T�X�L�Y�D�O�H�Q�W���G�R�V�H�����'�(�����G�H�W�H�U�P�L�Q�H�G���I�U�R�P���U�H�S�O�L�F�D�W�H�G���V�L�Q�J�O�H���D�O�L�T�X�R�W���U�H�J�H�Q�H�U�D�W�L�Y�H���G�R�V�H�����6�$�5�����0�X�U�U�D�\���D�Q�G���:�L�Q�W�O�H�����������������U�X�Q�V�����7�K�H���X�Q�F�H�U�W�D�L�Q�W�\���L�V���W�K�H���V�W�D�Q�G�D�U�G���H�U�U�R�U���D�Q�G���L�Q�F�O�X�G�H�V���D�Q���X�Q�F�H�U�W�D�L�Q�W�\���I�U�R�P���E�H�W�D���V�R�X�U�F�H���H�V�W�L�P�D�W�H�G���R�I���“��������
���:�H�L�J�K�W�H�G���D�Y�H�U�D�J�H���H�T�X�L�Y�D�O�H�Q�W���G�R�V�H�����'�(�����G�H�W�H�U�P�L�Q�H�G���I�U�R�P���U�H�S�O�L�F�D�W�H�G���V�L�Q�J�O�H���D�O�L�T�X�R�W���U�H�J�H�Q�H�U�D�W�L�Y�H���G�R�V�H�����6�$�5�����0�X�U�U�D�\���D�Q�G���:�L�Q�W�O�H�����������������U�X�Q�V�����7�K�H���X�Q�F�H�U�W�D�L�Q�W�\���L�V���W�K�H���V�W�D�Q�G�D�U�G���H�U�U�R�U���D�Q�G���L�Q�F�O�X�G�H�V���D�Q���X�Q�F�H�U�W�D�L�Q�W�\���I�U�R�P���E�H�W�D���V�R�X�U�F�H���H�V�W�L�P�D�W�H�G���R�I���“��������
���8�Q�F�H�U�W�D�L�Q�W�\���L�Q�F�R�U�S�R�U�D�W�H���D�O�O���U�D�Q�G�R�P���D�Q�G���V�\�V�W�H�P�D�W�L�F���H�U�U�R�U�V�����L�Q�F�O�X�G�L�Q�J���G�R�V�H���U�D�W�H�V���H�U�U�R�U�V���D�Q�G���X�Q�F�H�U�W�D�L�Q�W�\���I�R�U���W�K�H���'�(����
���/�X�P�L�Q�H�V�F�H�Q�F�H���D�J�H�V���U�H�O�D�W�H���W�R���G�D�W�X�P���R�I�������������$�'�����$�J�H���S�U�H�V�H�Q�W�H�G���Z�L�W�K���Q�R���V�W�D�W�L�V�W�L�F�D�O���H�U�U�R�U���U�H�S�U�H�V�H�Q�W���V�D�W�X�U�D�W�H�G���D�J�H�V�����D�Q�G���D�U�H���F�R�Q�V�L�G�H�U�H�G���P�L�Q�L�P�X�P���H�V�W�L�P�D�W�H�V���R�I���W�K�H���G�H�S�R�V�L�W���D�J�H����
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�7�D�E�O�H���������� �����6�L�W�H���&���������&���5�H�V�X�O�W�V��

Trench  Sample Name  Wall  
Station  

X 

Station  

Y 
LCI Unit #  Lab ID fraction Modern 1 �/14�&�����Å��1,2 Lab 14C Age 

�����1��3 
Calibrated Ages  
cal yr  B.P. �����1��4 
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�&���7�����5�&���� �1�R�U�W�K�� ���� ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �������������“������������ �������������� �!������������ ��

�&���7�����5�&���� �6�R�X�W�K�� ���������� ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�&���7�����5�&���� �6�R�X�W�K�� ���������� ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� �������������� ��������������

�&���7�����5�&���� �6�R�X�W�K�� ���������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �������������“�������� �������������� ��������������

�&���7�����5�&���� �6�R�X�W�K�� ������������ ������ �� ������ �� ������������ �� ���������������“���������������� ���������������“���������� ������������ �“�������� �������������� ��������������

�&���7�����5�&���� �6�R�X�W�K�� ���������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �������������“���������� �������������� ��������������

�&���7�����5�&������ �6�R�X�W�K�� ���������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������
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��� �&���7�����5�&���� �6�R�X�W�K�� �������� ���������� ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�&���7�����5�&���� �6�R�X�W�K�� �������� ������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������

�&���7�����5�&���� �6�R�X�W�K�� ������������ ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� �������������� ��������������

�&���7�����5�&���� �6�R�X�W�K�� ���������� ������������ ������ �� ������������ �� ���������������“���������������� ���������������“���������� �����������“�������� ������������ ������������
���5�D�G�L�R�F�D�U�E�R�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�U�H���J�L�Y�H�Q���D�V���I�U�D�F�W�L�R�Q�V���R�I���W�K�H���0�R�G�H�U�Q���V�W�D�Q�G�D�U�G�����'�����&�����D�Q�G���F�R�Q�Y�H�Q�W�L�R�Q�D�O���U�D�G�L�R�F�D�U�E�R�Q���D�J�H�����I�R�O�O�R�Z�L�Q�J���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�V���R�I���6�W�X�L�Y�H�U���D�Q�G���3�R�O�D�F�K�����5�D�G�L�R�F�D�U�E�R�Q�����Y�������������S���������������������������6�D�P�S�O�H��

�S�U�H�S�D�U�D�W�L�R�Q���E�D�F�N�J�U�R�X�Q�G�V���K�D�Y�H���E�H�H�Q���V�X�E�W�U�D�F�W�H�G�����E�D�V�H�G���R�Q���P�H�D�V�X�U�H�P�H�Q�W�V���R�I�������&���I�U�H�H���Z�R�R�G����
���$�O�O���U�H�V�X�O�W�V���K�D�Y�H���E�H�H�Q���F�R�U�U�H�F�W�H�G���I�R�U���L�V�R�W�R�S�L�F���I�U�D�F�W�L�R�Q�D�W�L�R�Q���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�V���R�I���6�W�X�L�Y�H�U���D�Q�G���3�R�O�D�F�K�������������������Z�L�W�K���G�����&���Y�D�O�X�H�V���P�H�D�V�X�U�H�G���R�Q���S�U�H�S�D�U�H�G���J�U�D�S�K�L�W�H���X�V�L�Q�J���W�K�H���$�0�6���V�S�H�F�W�U�R�P�H�W�H�U�����7�K�H�V�H���F�D�Q���G�L�I�I�H�U��

�I�U�R�P���G�����&���R�I���W�K�H���R�U�L�J�L�Q�D�O���P�D�W�H�U�L�D�O�����D�Q�G���D�U�H���Q�R�W���V�K�R�Z�Q����
���7�K�H�V�H���V�D�P�S�O�H�V���Z�H�U�H���W�U�H�D�W�H�G���Z�L�W�K���D�F�L�G���E�D�V�H���D�F�L�G�������1���+�&�O���D�Q�G�����1���1�D�2�+���������ƒ�&�����S�U�L�R�U���W�R���F�R�P�E�X�V�W�L�R�Q�����6�D�P�S�O�H���O�D�E�H�O�H�G�����0�R�G�H�U�Q�����F�R�Q�W�D�L�Q���H�[�F�H�V�V�������&����
���6�D�P�S�O�H�V���&�D�O�L�E�U�D�W�H�G���X�V�L�Q�J���2�[�&�D�O���Y�����������%�U�R�Q�N���5�D�P�V�H�\�����������������Z�L�W�K���W�Z�R���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���H�U�U�R�U����
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�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

�7�D�E�O�H���������������&�R�P�S�D�U�L�V�R�Q���%�H�W�Z�H�H�Q���6�L�W�H���&�������&���D�Q�G���2�6�/���5�H�V�X�O�W�V��

UNITS DESCRIPTIONS 
C14 OSL 

�6�$�0�3�/�(�� �8�1�,�7�� �' �$�7�(���� �6�$�0�3�/�(�� �8�1�,�7�� �' �$�7�(�����N�D����

������ �� �0�R�G�H�U�Q���$���+�R�U�L�]�R�Q�� �� �� �� �� �� ��

������ �� �+�R�O�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P��

�&���7�����5�&���� ������ �� ���������������������� ���F�D�O���\�U���%���3������ �&���7�����2�6�/���� ������ �� ���������������������N�D��

�&���7�����5�&���� ������ �� ���������� ������������ ���F�D�O���\�U���%���3������ �&���7���6���2�6�/���� ������ �� ���������������������N�D��

�&���7�����5�&���� ������ �� ���������������������� ���F�D�O���\�U���%���3������ �� �� ��

�&���7�����5�&������ �O�R�Z�H�U���������� ���������� ���������������F�D�O���\�U���%���3������ �� �� ��

������ �� �&�R�O�O�X�Y�L�X�P��
�&���7�����5�&���� �E�D�V�H���������� �����������������������������F�D�O���\�U���%���3������ �� �� ��

�&���7�����5�&���� �E�D�V�H������������ �������������������������� ���F�D�O���\�U���%���3������ �� �� ��

������ �� �/�D�W�H�V�W���3�O�H�L�V�W�R�F�H�Q�H��
�D�O�O�X�Y�L�X�P��

�� �� �� �� �� ��

������ �� �/�D�W�H���3�O�H�L�V�W�R�F�H�Q�H��
�F�R�O�O�X�Y�L�X�P��

�&���7�����5�&���� ������ �� ���������������������� ���F�D�O���\�U���%���3������ �� �� ��

�&���7�����5�&���� �������" �� ������������ ���!���������������F�D�O���\�U���%���3������ �� �� ��

�&���7�����5�&���� ������ �� �������������������������� ���F�D�O���\�U���%���3������ �� �� ��

�&���7�����5�&���� ������ �������� �� ������������ �����������������F�D�O���\�U���%���3������ �� �� ��

������ �� �3�O�H�L�V�W�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P��
�I�L�Q�H��

�� �� �� �� �� ��

�������������� �� �3�O�H�L�V�W�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P��
�I�L�Q�H��

�� �� �� �&���7���6���2�6�/���� ������ �� �����������������������N�D��

�� �� �� �&���7�����2�6�/���� ������ �� �����������������������N�D��

�� �� �� �&���7�����2�6�/���� ���������� �����������������������N�D��

������ �� �3�O�H�L�V�W�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P��
�F�R�D�U�V�H��

�� �� ��
�&���7���6���2�6�/���� ������ �"�� �������������������N�D��

�� �� ��

������ �� �(�O���&�D�M�H�W�H���S�X�P�L�F�H�� ���������������������N�D���������������� ���������������������N�D���������������� ���������������������N�D���������������� ���������������������N�D���������������� ���������������N�D���������� ���������������N�D����������

������ �� �3�O�H�L�V�W�R�F�H�Q�H���F�R�O�O�X�Y�L�X�P�� �� �� �� �� �� ��

������ �� �3�O�H�L�V�W�R�F�H�Q�H���I�L�Q�H��
�J�U�D�L�Q�H�G���F�R�O�O�X�Y�L�X�P�� �� �� �� �&���7���1���2�6�/���� ������ �� �!�������N�D��

������ �� �%�R�X�O�G�H�U���F�R�O�O�X�Y�L�X�P�� �� �� �� �� �� ��

������ �� �2�O�G���E�R�X�O�G�H�U���F�R�O�O�X�Y�L�X�P�� �&���7�����5�&���� ������ �� �����������������������������F�D�O���\�U���%���3���� �� �� ��

������ �� �%�D�Q�G�H�O�L�H�U���E�H�G�U�R�F�N�� �� �� �� �� �� ��

����
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��

�7�D�E�O�H���������� �����6�L�W�H���&���(�Y�H�Q�W���,�Q�G�L�F�D�W�R�U�V��

EVENT TRENCH METER 
TYPE OF EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 

���� �&�7�����6�� ������������ �9�R�� �������������� �� �$���$���$���$���$�� �� ��

���� �&�7�����6�� �������� �9�R�� ������ �� ��
�� �)�D�X�O�W�L�Q�J���F�D�Q���R�Q�O�\���E�H���W�U�D�F�N�H�G���W�R���D�E�R�X�W���E�D�V�H���R�I��

���������D�Q�G���P�D�S�S�H�G���I�U�D�F�W�X�U�H�V���D�U�H���U�H�V�X�O�W���R�I��
�H�U�R�G�H�G���I�U�H�H���I�D�F�H��

���� �&�7�����6�� �������� �7�K�� ������ �� �� �� �0�L�[�L�Q�J���R�I���$���K�R�U�L�]�R�Q���D�Q�G���G�H�J�U�D�G�L�Q�J���I�D�X�O�W��
�V�F�D�U�S���W�R���I�R�U�P���W�K�L�V���K�R�U�L�]�R�Q������

���� �&�7�����6�� ���� �%�I�I�� �������������� �� �$���%���%���&���$�� �+�L�J�K�� �)�D�X�O�W�L�Q�J���I�R�U�P�V���D���G�H�J�U�D�G�H�G���I�U�H�H���I�D�F�H��

���� �&�7�����1�� �������� �9�R�� ������ �� �$���$���%���%���$��
��

��

���� �&�7�����1�� �������� �6�I�� ������ �� �$���$���$���$���$�� ��

���� �&�7�����6�� ���� �9�R�G�� ������ �� �$���$���$���$���$�� �� �2�Y�H�U�D�O�O���R�I�I�V�H�W���R�I���������������P���Y�V���������P����

���� �&�7�����6�� ���������� �9�R�� ������ �� �%���%���%���%���%��
�+�L�J�K��

�2�O�G�H�U���W�K�D�Q�������N�D���E�X�W���\�R�X�Q�J�H�U���W�K�D�Q�������N�D�����D�O�O��
���������R�I�I�V�H�W�V���J�L�Y�H�Q���%���U�D�Q�N�L�Q�J�V��

���� �&�7�����6�� �������� �9�R�� ������ �� �&���&���&���&���&�� ��

���� �&�7�����1�� �������� �9�R�G�� �������������� �� �%���%���%���%�� �� ��

�������� �&�7�����6�� �������� �9�R�� ������ �� �$���$���$���$���$�� �� ��

�������� �&�7�����6�� �������� �9�R���6�/�������� ������ �� �&���&���&���&���&�� �� ��

�������� �&�7�����6�� �������� �6�I�� ������ �� �$���$���$���$���$�� �� ��

�������� �&�7�����6�� �����W�R������ �9�R�� ������ �� �&���&���&���&���&�� �+�L�J�K�� �(�Y�H�Q�W�������L�Q���7������

�������� �&�7�����1�� �������� �9�R�� ������ �� �%���%���%���$���$�� �� ��

�������� �&�7�����1�� �������� �6�/�������� ������ �� �&���&���&���&���&�� �� ��

�������� �&�7�����1�� �������� �6�I�� ������ �� �$���$���$���$���$�� �� ��



��
��

��

�/�&�,���3�U�R�M�H�F�W���1�R������������ �� �� �6�H�S�W�H�P�E�H�U��������������������

EVENT TRENCH METER 
TYPE OF EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 

�������� �&�7�����6�� ���� �9�R�� �������������� �� �� �� ��

�������� �&�7�����6�� ���� �)�L�V�� ������ �� �� �� ��

�������� �&�7�����6�� ���� �8�W�E�� ������ �� �� �� ��

���� �&�7�����1�� ���� �9�R�� ������ �� �&���&���&���&�� �� ��

���� �&�7�����6�� ���� �� �9�R�� ������ �� �$���$���$���$���$�� �� �(�O���&�D�M�H�W�H���I�D�X�O�W�H�G��

���� �&�7�����1�� �0�X�O�W�L�� �9�R�� ������ �� �%���%���%���%�� �� �$�V�V�X�P�H���V�L�P�L�O�D�U���W�R���V�R�X�W�K���Z�D�O�O��

���� �&�7�����6�� �������������������� �8�W�D�� ������ �� �� �� ��

���� �&�7�����6�� �������� �9�R�� �������������� �� �� �� ��

���� �&�7�����6�� ���� �8�W�D�� �������������� �� �� �� ��

���� �&�7�����1�� ������ �8�W�D�� ������ �� �� �� ��

���� �&�7�����1�� �������� �8�W�E�� ������ �� �� �� ��

���� �&�7�����1�� �������� �8�W�D�� ������ �� �� �� ��

���� �&�7�����1�� ���� �9�R�G�� ������ �� �� �� ���������N�D��

���� �&�7�����1�� ���������� �9�R�� ������ �� �%���%���%���%�� �� ��

���� �&�7�����1�� ���������� �X�W�E�� �������������� �� �$���$���$���%�� �� ��

���� �&�7�����6�� ���������� �9�R�� �������������� �� �� �� ��

���� �&�7�����6�� ���������� �$�F�� ������ �� �� �� ��

���� �&�7�����6�� ���������� �8�W�E�� �������������� �� �� �� ��

���� �&�7�����1�� ���������� �8�W�E�� �������������� �� �� �� ��

���� �&�7�����1�� ���������� �9�R�� ������ �� �� �� ��

���� �&�7�����1�� ���������� �$�F�� ������ �� �� �� ��

�� �� �� �� �� �� �� ��
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EVENT TRENCH METER 
TYPE OF EVENT 

INDICATOR 
FAULTED UNIT 

(YOUNGEST) 
EVENT RANK 

INDICATOR CONFIDENCE  COMMENTS 

���� �&�7�����6�� �������� �&�Z�� ������ �� �� �� ��

���� �&�7�����6�� ���� �9�R�� ������ �� �� �� ��

���� �&�7�����6�� ���� �6�I�� ������ �� �� �� ��

���� �&�7�����6�� ���� �$�F�� ������ �� �� �� ��

���� �&�7�����1�� ���� �9�R�� ������ �� �� �� ��

���� �&�7�����1�� ���� �6�I�� ������ �� �� �� ��

���� �&�7�����1�� ���� �$�F�� ������ �� �� �� ��

���� �&�7�����6�� �������� �6�I�� ������ �� �� �� ��

���� �&�7�����6�� �������� �9�R�� ������ �� �� �� ��

���� �&�7�����6�� �������� �8�W�E�� ������ �� �� �� ��

���� �&�7�����6�� ���������� �9�R�� �������������� �� �� �� ��

���� �&�7�����6�� ���������� �6�I�� �������������� �� �� �� ��

���� �&�7�����6�� ���������� �$�F�� �������������� �� �� �� ��

���� �&�7�����1�� ���������� �� �1�$�� �� �� ��

���� �&�7�����6�� ���� �9�R�� ������ �� �� �� ��

���� �&�7�����6�� ���� �6�I�� ���������)�=�� �� �� ��

���� �&�7�����1�� ���� �9�R�� ������ �� �� �� ��

���� �&�7�����1�� �����W�R������ �8�W�E�� ������ �� �� �� ��

���� �&�7�����1�� ���� �)�L�V�� ������ �� �� �� ��

��
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�7�D�E�O�H�������������5�H���(�Y�D�O�X�D�W�L�R�Q���R�I���:�R�Q�J���H�W���D�O�������������������(�Y�H�Q�W���&�K�U�R�Q�R�O�R�J�\���I�R�U���W�K�H���3�D�M�D�U�L�W�R���)�D�X�O�W���6�\�V�W�H�P��
��

�6�L�W�H�� �4�X�D�O�L�W�D�W�L�Y�H���(�Y�H�Q�W���&�R�Q�I�L�G�H�Q�F�H��
�5�D�Q�N�L�Q�J����

�(�Y�H�Q�W��

���� ������ �+�L�J�K�� �(�� ��

���� ������ �+�L�J�K�� �(�� ��

���� ������ �+�L�J�K��

�0�R�G�H�U�D�W�H��

�(�� ��

�(�� ��

���� �����D�� �+�L�J�K�� �(�� ��

�(�2�&������ �0�R�G�H�U�D�W�H�� �(�� ��

���� ������ �0�R�G�H�U�D�W�H�� �(�� ��

���� ������ �0�R�G�H�U�D�W�H�� �(�� ��

�&�D�E�U�D���&�D�Q�\�R�Q�� �+�L�J�K�� �(�� ��

�&�K�X�S�D�G�H�U�R�V���&�D�Q�\�R�Q�� �0�R�G�H�U�D�W�H�� �(�� ��

�*�X�D�M�H���3�L�Q�H�V�� �+�L�J�K�� �(�� ��

���7�D�E�O�H�����������O�L�V�W�V���W�K�H���T�X�D�O�L�W�D�W�L�Y�H���F�R�Q�I�L�G�H�Q�F�H���U�D�Q�N�L�Q�J���F�U�L�W�H�U�L�D���X�V�H�G���W�R���U�D�Q�N���H�Y�H�Q�W��
�F�R�Q�I�L�G�H�Q�F�H���D�W���H�D�F�K���V�L�W�H�����Z�K�L�F�K���L�V���R�Q�O�\���D���T�X�D�O�L�W�D�W�L�Y�H���M�X�G�J�H�P�H�Q�W���R�I���Z�K�H�W�K�H�U���W�K�H��
�L�Q�I�R�U�P�D�W�L�R�Q���I�R�U���H�D�F�K���H�Y�H�Q�W���L�V���F�O�H�D�U�����&�R�Q�V�X�O�W���:�R�Q�J���H�W���D�O�����������������¶�V���H�Y�H�Q�W���W�D�E�O�H��
�S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H�����������I�R�U���D���I�X�O�O���O�L�V�W���R�I���H�Y�H�Q�W�V���D�Q�G���V�L�W�H�V���U�H���H�Y�D�O�X�D�W�H�G���D�V���S�D�U�W���R�I��
�W�K�L�V���V�W�X�G�\�����$�O�O���V�L�W�H�V���D�Q�G���H�Y�H�Q�W�V���V�K�R�Z�Q���R�Q���7�D�E�O�H�����������W�K�D�W���D�U�H���Q�R�W���V�K�R�Z�Q���D�E�R�Y�H���D�U�H��
�F�R�Q�V�L�G�H�U�H�G���O�R�Z���F�R�Q�I�L�G�H�Q�F�H������

��

��
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��

�7�D�E�O�H�������������6�X�P�P�D�U�\���2�[�&�D�O���0�R�G�H�O���5�H�V�X�O�W�V���I�R�U���W�K�H���0�5�(���I�R�U���6�H�O�H�F�W���3�U�H�Y�L�R�X�V�O�\���,�Q�Y�H�V�W�L�J�D�W�H�G���6�L�W�H�V���$�O�R�Q�J��
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�8�Q�L�W�����������I�U�R�P���I�R�R�W�Z�D�O�O
�H�U�R�V�L�R�Q���V�W�U�L�S�V��
�8�Q�L�W�����������I�U�R�P���I�R�R�W�Z�D�O�O

�6�W�U�L�S�V���8�Q�L�W�������������������I�U�R�P
�K�D�Q�J�L�Q�J���Z�D�O�O�����H�U�R�G�H�V
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�X�Q�F�R�Q�I�R�U�P�L�W�\
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�3�D�O�H�R�P�D�J�Q�H�W�L�F���V�D�P�S�O�H
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S+D: 003/77E
Fault across trench floor
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�&�R�Q�W�D�F�W
�'�D�V�K�H�G���Z�K�H�U�H���D�S�S�U�R�[�L�P�D�W�H��
�4�X�H�U�L�H�G���Z�K�H�U�H���X�Q�F�H�U�W�D�L�Q

�)�U�D�F�W�X�U�H
�'�D�V�K�H�G���Z�K�H�U�H���D�S�S�U�R�[�L�P�D�W�H��
�4�X�H�U�L�H�G���Z�K�H�U�H���X�Q�F�H�U�W�D�L�Q

�)�D�X�O�W��
�'�D�V�K�H�G���Z�K�H�U�H���D�S�S�U�R�[�L�P�D�W�H��
�4�X�H�U�L�H�G���Z�K�H�U�H���X�Q�F�H�U�W�D�L�Q��
�'�R�W�W�H�G���Z�K�H�U�H���F�R�Q�F�H�D�O�H�G

Soil Profile (SAT 1-6)°

�2�6�/���6�D�P�S�O�H��
�����/�R�F�D�W�L�R�Q���D�Q�G���D�J�H

OSL-1

�(�;�3�/�$�1�$�7�,�2�1

�1�R�W�H�V�����6�H�H���3�O�D�W�H�V�������D�Q�G�������I�R�U���W�U�H�Q�F�K���O�R�J�V���D�Q�G���S�K�R�W�R�P�R�V�D�L�F�V��
�6�H�H���S�K�R�W�R�V�����������D�Q�G����������
�/�R�J���R�I���W�U�H�Q�F�K���$�7�������1�R�U�W�K�Z�D�O�O���L�V���L�Q�Y�H�U�W�H�G���W�R���P�D�W�F�K���6�R�X�W�K�Z�D�O�O��
�6�F�D�O�H�������´��� �����������P�����Q�R���Y�H�U�W�L�F�D�O���H�[�D�J�J�H�U�D�W�L�R�Q��
�+�R�U�L�]�R�Q�W�D�O���D�Q�G���Y�H�U�W�L�F�D�O���F�R�O�R�U���Y�D�U�L�D�W�L�R�Q�V���R�Q���O�R�J���G�X�H���W�R���E�D�F�N�J�U�R�X�Q�G���S�K�R�W�R���P�R�V�D�L�F��
�6�H�H���)�L�J�X�U�H���������E���I�R�U���8�Q�L�W���G�H�V�F�U�L�S�W�L�R�Q�V��

�>�������������������������������������������@

�>�������������������������������������������@
�6�L�W�H���$���7�U�H�Q�F�K���$�7�������6�R�X�W�K���:�D�O�O

�6�L�W�H���$���7�U�H�Q�F�K���$�7�������1�R�U�W�K���:�D�O�O�����,�Q�Y�H�U�W�H�G��

085o

085o

�(�Y�H�Q�W���(����� ���)�D�X�O�W�V��
�8�Q�L�W�V�����������D�Q�G��������

�D�J�D�L�Q�V�W���8�Q�L�W��������

�4�E�W���S�Z�W

�4�E�W���S�Z�W

�(�Y�H�Q�W���(����� ���)�D�X�O�W�L�Q�J���R�I���8�Q�L�W����������
�D�J�D�L�Q�V�W���8�Q�L�W�����������I�R�U�P�L�Q�J���V�P�D�O�O��
�I�L�V�V�X�U�H���I�L�O�O

�(�Y�H�Q�W���(����� ���)�D�X�O�W�L�Q�J���R�I���8�Q�L�W����������
�D�J�D�L�Q�V�W���8�Q�L�W�����������I�R�U�P�L�Q�J���V�P�D�O�O��
�I�L�V�V�X�U�H���I�L�O�O

�(�Y�H�Q�W���(����� ���)�D�X�O�W�V��
�8�Q�L�W�V������������������������

�D�J�D�L�Q�V�W���8�Q�L�W����������
�D�Q�G��������

�(�Y�H�Q�W���(����� ���)�D�X�O�W�L�Q�J���R�I��
�8�Q�L�W�����������D�J�D�L�Q�V�W���8�Q�L�W��������
�(�Y�H�Q�W���(����� ���)�D�X�O�W�L�Q�J���R�I��
�8�Q�L�W�����������D�J�D�L�Q�V�W���8�Q�L�W��������

�(���D�����O�R�Z���F�R�Q�I�L�G�H�Q�F�H���D�O�W�H�U�Q�D�W�L�Y�H��
�6�H�S�D�U�D�W�H���H�Y�H�Q�W�����I�D�X�O�W�V���E�D�V�H���R�I���8�Q�L�W�������������E�X�W�����G�R�H�V���Q�R�W��
�I�D�X�O�W���8�Q�L�W�������������(�Y�H�Q�W���Q�R�W���V�H�H�Q���R�Q���Q�R�U�W�K�Z�D�O�O

�(���D�����O�R�Z���F�R�Q�I�L�G�H�Q�F�H���D�O�W�H�U�Q�D�W�L�Y�H��
�6�H�S�D�U�D�W�H���H�Y�H�Q�W�����I�D�X�O�W�V���E�D�V�H���R�I���8�Q�L�W�������������E�X�W�����G�R�H�V���Q�R�W��
�I�D�X�O�W���8�Q�L�W�������������(�Y�H�Q�W���Q�R�W���V�H�H�Q���R�Q���Q�R�U�W�K�Z�D�O�O??

??
??

�6�$���7�����2�6�/��
�������!�!�����.�$
�6�$���7�����2�6�/��
�������!�!�����.�$

�6�$�7��������

�6�H�H���6�H�F�W�L�R�Q���������������I�R�U���G�H�W�D�L�O�H�G��
�G�L�V�F�X�V�V�L�R�Q���R�I���H�Y�H�Q�W�V��

�6�H�H���6�H�F�W�L�R�Q���������������I�R�U���G�H�W�D�L�O�H�G��
�G�L�V�F�X�V�V�L�R�Q���R�I���H�Y�H�Q�W�V��

�6�N�H�W�F�K���R�I���E�H�G�U�R�F�N���I�U�H�H���I�D�F�H��
�6�H�H���3�K�R�W�R�V�����������D�Q�G����������

�6�N�H�W�F�K���R�I���E�H�G�U�R�F�N���I�U�H�H���I�D�F�H��
�6�H�H���3�K�R�W�R�V�����������D�Q�G����������



�)
�L

�O
�H

���
S

�D
�W

�K
���

��6
���

?�
���

���
��?

�)
�L

�J
�X

�U
�H

�V
�?

�3
�K

�D
�V

�H
�B

���
B

�5
�H

�S
�R

�U
�W

�B
�)

�L
�J

�X
�U

�H
�V

�?
�5

�H
�Y

�&
�?

�)
�L

�J
�X

�U
�H

�B
��

���
��E

�B
�6

�L
�W

�H
�$

�B
�7

���
B

�)
�=

�B
�(

�[�
S

�O
�D

�Q
�D

�W
�L

�R
�Q

���
D

�L
���

��'
�D

�W
�H

���
���

���
���

���
���

���
���

���
��8

�V
�H

�U
���

�
�-

�&
�K

���
/�&

�,

�������E�)�L�J�X�U�H

�8�Q�L�W���'�H�V�F�U�L�S�W�L�R�Q�V���I�R�U���/�R�J�V���R�I���7�U�H�Q�F�K���$�7����
�D�W���W�K�H���3�U�L�P�D�U�\���)�D�X�O�W���=�R�Q�H

�3�$�-�$�5�,�7�2���)�$�8�/�7���6�<�6�7�(�0���3�$�/�(�2�6�(�,�6�0�,�&���7�5�(�1�&�+�,�1�*���3�5�2�-�(�&�7

Lettis Consultants International, Inc.

� ( � ; � 3 � / � $ � 1 � $ � 7 � , � 2 � 1

�8�Q�L�W�����������±���*�U�D�Y�H�O�O�\���V�D�Q�G�\���V�L�O�W���Z�L�W�K���F�O�D�\�����E�U�R�Z�Q���������<�5�����������������������J�U�D�Y�H�O�������������V�D�Q�G�������������V�L�O�W�����D�Q�G���X�S���W�R����������
�F�O�D�\�����P�D�V�V�L�Y�H���Z�L�W�K���Q�R���E�H�G�G�L�Q�J�����V�W�R�Q�H���O�L�Q�H���S�U�H�V�H�U�Y�H�G���D�O�R�Q�J���E�D�V�H���L�Q���S�O�D�F�H�V�����K�H�D�Y�L�O�\���E�L�R�W�X�U�E�D�W�H�G�����D�E�X�Q�G�D�Q�W��
�U�R�R�W�V���D�Q�G���N�U�R�W�R�Y�L�Q�D�V�����Z�H�D�N���P�R�G�H�U�D�W�H���J�U�D�Q�X�O�D�U���W�R���V�X�E�D�Q�J�X�O�D�U���E�O�R�F�N���V�R�L�O���V�W�U�X�F�W�X�U�H�����F�R�P�P�R�Q���W�R���D�E�X�Q�G�D�Q�W��
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SAT 2-2 
SAT 2-3

SA-T2-OSL-3
(6.2 ± 0.4 Ka)

S+D: N40E/60SE

Oblique fault zone
S+D: N43W/83S
N48W projection
across trench
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SAT 2-5
SA-T2-OSL-4
5.7±0.3Ka

E1: Inclined clast
parallel to

fault strand 

E1: Top of Bt vertical
separation ~5 cm west

side down

S+D: 010/65N

S+D: 056/86SE

S+D: 015/84E

S+D: 012/76W

S+D: 320/86W

Slickenside
TP-36@N48W S+D: 035/70E
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�)�U�D�F�W�X�U�H
�'�D�V�K�H�G���Z�K�H�U�H���D�S�S�U�R�[�L�P�D�W�H��
�4�X�H�U�L�H�G���Z�K�H�U�H���X�Q�F�H�U�W�D�L�Q

�)�D�X�O�W��
�'�D�V�K�H�G���Z�K�H�U�H���D�S�S�U�R�[�L�P�D�W�H��
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Soil Profile (SP)°

�2�6�/���6�D�P�S�O�H��
�����/�R�F�D�W�L�R�Q���D�Q�G���D�J�H

OSL-1
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�8�Q�L�W�V���R�I��
�7�U�H�Q�F�K���%�7����

�8�Q�L�W�V���R�I��
�7�U�H�Q�F�K���%�7����

�(���D�" �" �" �" �"(Vod)

�(��

� ( �Y�H�Q�W�� � �

�(���������������\�U�V���%���3���������������\�U�V���%���3��(Vo, Utb, Uta, ac) (Vo, Uta)

�/�R�Z���&�R�Q�I�L�G�H�Q�F�H

�(���D�������������������������\�U�V���%���3���������������������������\�U�V���%���3�� (Vo, only BT-2N)

������ ������������ ���F�R�O�O�X�Y�L�D�O���Z�H�G�J�H��

������������ �5�H�F�H�Q�W���4�F

������ ������

������ �������(�O���&�D�M�H�W�H �(�O���&�D�M�H�W�H

������
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�(��

� ( �Y�H�Q�W�� � �

�(��(Vo, Utb, Vod, Cw) (Vod, Vo)�!�������N�D�!�������N�D

(Vo, Vod, lc, uta)�(��

� ( �Y�H�Q�W�� � �

�(��(Vod, Vo) �!�������N�D�!�������N�D

(Sf, Vod, Vo, Csnft)�(��

� ( �Y�H�Q�W�� � �

(Utb, Sf, Fiss, Vod) �(���!�������N�D�!�������N�D

(Sf, Vo, lc)�(�� (Utb, Uta, Sf)

� ( �Y�H�Q�W�� � �

�(���!�������N�D�!�������N�D

�X�Q�F�R�Q�I�R�U�P�L�W�\

Event
Indicators

Event
Indicators

�/�R�Z�������0�R�G�H�U�D�W�H
�&�R�Q�I�L�G�H�Q�F�H

�+�L�J�K
�&�R�Q�I�L�G�H�Q�F�H

�(�;�3�/�$�1�$�7�,�2�1 �/�L�V�W���R�I���(�Y�H�Q�W���,�Q�G�L�F�D�W�R�U���$�E�E�U�H�Y�L�D�W�L�R�Q�V

�1�R�W�H�V��
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Bt2 3 ka
Bt2b1 14 ka
Bt1b2 22 ka
C2b3 51 ka

Bt1b3 74 ka

Bt3b1 26 ka
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TECHNICAL MEMORANDUM 
 

PHASE 1 GEOLOGIC MAPPING ALONG PAJARITO FAULT, 
LOS ALAMOS, NEW MEXICO 

 
BY 

DANIEL KONING AND SHARI KELLEY 
 

PREPARED FOR LETTIS CONSULTANTS INTERNATIONAL 
 

June 30, 2016 
 

 
INT RODUCTION 

 
This memorandum summarizes mapping activities conducted by the N.M. Bureau of Geology 
and Mineral Resources (NMBGMR) along the central Pajarito fault in Los Alamos, New 
Mexico, as part of the Pajarito fault paleoseismic investigation being led by Lettis Consultants 
International, Inc. (LCI) for Los Alamos National Laboratory (LANL). The purpose of the site 
geologic mapping (discussed herein) is to better characterize the geomorphology, geology, and 
depositional record for the purpose of siting trenches for the paleoseismic investigation.  
 
 Geologic mapping was performed by Daniel Koning and Shari Kelley (collectively referred to 
as "we") during April and early May of 2016. LCI geologists (Robert Givler, John Baldwin, and 
Rick Ortiz) accompanied NMBGMR staff during most of the geologic mapping activities. 
Robert Givler (LCI), William Lettis (LCI), Thomas Rockwell (San Diego State University), and 
Emily Schultz-Fellenz (LANL) reviewed the draft mapping as part of a field review on May 4 
and 5th, 2016.  
 
Mapping was focused in two study areas, each containing favorably ranked potential trench sites 
determined by the Paleoseismic Trench Siting Project Team (LCI, 2014). The southern study 
area (top map of Plate 1) extends from approximately 3,966,350 m to 3,967,360 m UTM 
Northing and 376,875 m to 377,380 m UTM Easting, which is mostly north of NM Highway 4 
and alongside State Road 501 (West Jemez Road). It encompasses Sites A, B, and E-north, as 
well as proposed trench sites PT-8 through PT-10, identified in LCI (2014).  The southern study 
area includes the 98-4 trench site of McCalpin (1999). The northern study area (lower map of 
Plate 1) extends from approximately 3,968,750 m to 3,969,460 m UTM Northing and from 
376,800 m to 377,280 m UTM Easting. It encompasses Site 98-4 of McCalpin (1999) and 
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proposed trench sites PT-1 through PT-7. An explanation of map unit and symbols is shown on 
Plate 1. Detailed unit descriptions are provided in Appendix 1.  

 
 

STRATIGRAPHY 
 

Bandelier Tuff 
 
Bedrock in both study areas consists of Bandelier Tuff, which generally can be differentiated 
into four subunits based on phenocryst assemblages, color, welding, and outcrop character 
(Appendix 1). Three of these subunits follow the stratigraphic scheme for Bandelier Tuff 
established by Broxton and Reneau (1995) and used by Gardner et al. (2001) and Lewis et al. 
(2002): Qbt3, Qbt3t, and Qbt4. Both units Qbt3 and Qbt3t are gray and have abundant 
phenocrysts of quartz and sanidine (20-30%), but subunit Qbt3t is more densely welded and 
commonly has a platy appearance in weathered outcrops. Moreover, subunit Qbt3t has a bimodal 
range of phenocryst sizes (2-3 mm and 4-6 mm), whereas grain sizes in Qbt3 are generally 4-6 
mm. Subunit Qbt4 has more variable outcrop colors (pink, tan, or gray) than the aforementioned 
lower subunits. It also has less pumice (5% compared to 30%), sparser lithic fragments, and only 
10-15% crystals of sanidine and quartz, which are 2-3 mm long. At Site A in the southern Study 
Area, we noted subhorizontal foliation in subunit 4. Moreover, at Site A we differentiated a 
poorly welded top of subunit 4 (Qbt4pwt), which is slightly reddish and contains 15% reddish 
brown, 0.5-1.0 cm-long, devitrified pumice-lapilli that are only slightly flattened. Mapping 
subunits Qbt4 and Qbt4pwt proved useful at Site A in identifying faults.  
 
 

Quaternary deposits  
 

Quaternary alluvial map units are either part of an older, net aggradational phase (that in detail 
was complex and characterized by episodic down-cutting), or related to younger terrace or valley 
bottom deposits associated with the current topography (Fig. 1). Sediments in the older phase are 
variably orangish. They are also relatively fine-grained, except for the uppermost deposits. In 
these older deposits, the presence of a tephra bed, the El Cajete pumice, proved valuable as a 
stratigraphic and structural datum. The younger, inset deposits are grayish and coarse-grained.  
 
Available age control suggests that the boundary between net aggradation and net incision is 
early Holocene in age. The coarser sediment that locally caps the older, net aggradational phase 
is assigned to unit Qfy1. This unit is latest Pleistocene to early Holocene in age, based on two 
charcoal samples that yielded ages of radiocarbon ages of 9.3-9.6 ka (uncalibrated radiocarbon 
years; Gardner et al., 2001). At a location 60 m southeast of the 98-6 McCalpin trench site 
(Radiocarbon age site B-1 RC-4), ~0.5 m of slightly orangish, cobble-and pebble-bearing 
alluvium overlies a prominent stone line with cobbles and boulders (Fig. 2). Charcoal dated from 
this deposit returned an age of 9270 ± 25 yr (uncalibrated radiocarbon years).  As discussed 
below, we infer, but cannot prove, that this particular deposit (Qfyin) is a result of minor early 
Holocene aggradation after notable incision into older deposits that would include Qfy1 and Qfi2 
(described below).  
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For alluvial deposits, we generally followed earlier stratigraphic nomenclature schemes (e.g., 
Gardner et al., 2001; Lewis et al., 2002; Lewis et al., 2009). These workers assigned older 
alluvium (their Qoal unit) to gravelly alluvium that overlies the Bandelier Tuff; this correlates to 
our older unit (Qao). These earlier workers designated intermediate alluvium for alluvial fill that 
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fil ls paleotopographic lows, whose bases that are inset below the top of the Bandelier Tuff. This 
also correlates to our intermediate alluvium.  
 
A notable difference between our work and earlier workers is the treatment of younger alluvium. 
We recognize younger alluvium as being relatively coarse and generally gray to brown (locally 
faintly orangish, in the case of unit Qfy1), whereas earlier workers (Gardner et al., 2001; Lewis 
et al., 2002; Lewis et al., 2009) call all alluvium (aside from Holocene inset deposits) that overlie 
or post-date the El Cajete pumice as younger alluvium. We instead call all orangish, relatively 
fine-grained alluvium "intermediate alluvium," but subdivide this unit according to whether or 
not it overlies the El Cajete pumice. We restrict younger alluvium to relatively gravelly deposits 
with a gray-brown matrix or, locally, a slightly orangish matrix. 
  
Hillslope deposits were also mapped and include colluvium, talus, and landslide deposits. These 
hillslope deposits drape the escarpment along the west side of the study area. Landslide deposits 
are particularly abundant north of Water Canyon and may bury older traces of the Pajarito fault.  
 
Probably the most pervasive map unit is slopewash, which commonly overlies gently sloping 
geomorphic surfaces (like alluvial fan surfaces). It consists of grayish silt, sand, and pebbly sand 
up to 40 cm thick, which we interpret to have been deposited by sheetflooding processes 
associated with intense rainfall events. Much of the silt and fine sand in the slopewash sediment 
likely consists of reworked eolian sediment (Eberly et al., 1996). Below, we summarize the late 
Quaternary stratigraphy at each site separately. 
 
Southern Study Area 
 
The Southern Study area is dominated by incised, relatively small alluvial fans on either side of 
Water Canyon. This incision allows some degree of exposure of Quaternary deposits, but usually 
side-slopes are masked by colluvium. Most useful is narrow, focused incision along valley 
bottoms that has occurred since the wildfires of 2011 and 2000. 
 
In the Southern Study area, we differentiate intermediate alluvial deposits according to whether 
or not they postdate the El Cajete pumice. Intermediate alluvium is also subdivided according to 
whether it was deposited by alluvial fans associated with low order drainages vs. Water Canyon 
deposits. The geomorphic surface overlying Water Canyon deposits does not have an obvious 
alluvial fan morphology, so that is why Qai (Quaternary-alluvium-intermediate) is used instead 
of Qfi (Quaternary-fan-intermediate). Low-order drainage alluvial fan sediment has gravel 
composed almost entirely of Bandelier Tuff, whereas Water Canyon deposits contain a mixture 
of Bandelier Tuff and Tchicoma Formation dacite. Furthermore, low-order drainage alluvial fan 
sediment is overall finer-grained than Water Canyon alluvium. A prominent gravel bed deposited 
by the Water Canyon paleodrainage was mapped separately (Qai1wcg). It is 3-4 m thick and 
contains a well-graded assemblage of pebbles through boulders.  
 
Both intermediate deposits (Qfi and Qai) are subdivided according to whether or not they overlie 
or postdate the El Cajete pumice. Units Qai1 and Qfi1 predate the El Cajete pumice bed, and 
units Qai2 and Qfi2 postdate it. The presence of reworked El Cajete pumice in units Qai2 and 
Qfi2 greatly aids in its identification. Available exposures also suggest that post-El Cajete 
intermediate alluvium may be slightly coarser than pre-El Cajete units. Paleosol development, 
characterized by ped development and horizons with notable illuviated clay, are found in both 
pre- and post-El Cajete intermediate alluvial deposits. At or near the top of the pre-El Cajete unit 
is a notable paleosol characterized by strongly developed argillic horizon(s). 
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The El Cajete pumice bed is depicted in Plate 1 by a thick, blue line. Inspection of its location 
and stratigraphic relations in the geologic map is illustrative. Northeast of the 98-6 trench of 
McCalpin (1999), there are two places where the pumice bed has been eroded out and back-filled 
by unit Qfi2 (UTM coordinates: 377010 m E, 3966990 m N; 377075 m E, 3966725 m N). 
Moreover, 60-65 m southeast of the 98-6 trench of McCalpin (1999), the southernmost mapped 
bed of the El Cajete pumice projects to a stratigraphic level in a newly cut arroyo where Qfi2 
overlies a scoured contact that formed on top of Qfi1. Near the WJR-8 soil pit and charcoal site 
(immediately south of the north boundary of the Southern Study Area), the El Cajete pumice is 
eroded out along much of the western roadcut of the State Road 501. Thus, it is clear that erosion 
occurred shortly after the deposition of the 74 ka El Cajete pumice.  
 
Furthermore, it is evident that the El Cajete pumice was deposited on irregular paleo-topography. 
In the western roadcut of the State Road 501, at a location 290 m north of its intersection with 
State Road 4, the El Cajete pumice fills a paleochannel that was ~1.5 m deep (UTM coordinates: 
377145 m E, 3966725 m N). On the east side of State Road 501 in this area, mapping indicates 
that the El Cajete pumic fills a 2-3 m deep paleo-arroyo (UTM coordinates: 377185 m E, 
3966670 m N). Near the intersection of State Roads 4 and 501, the El Cajete pumice filled a 
topographic depression (377070 m E, 3966525 m N). At a location of ~150 m south of the WJR-
8 soil pit, near the north boundary of the Southern Study Area, the El Cajete bed lies at 7590 ft 
elevation as a single bed. But directly across the canyon, the El Cajete pumice appears to be 
much thicker and in a slightly lower paleo-geomorphic position. At a location 130 m north of the 
stream in Water Canyon, 60 m west of State Road 501, the El Cajete pumice is preserved on top 
of a prominent ridge that fills a slight paleotopographic low. Given the observation of a notable 
argillic paleosol at the top of Qai1 and Qfi1, we interpret that immediately prior to deposition of 
the El Cajete pumice the landscape was relatively stable but exhibited irregular paleo-
topography. 
 
Gravelly sediment caps the aggradational sequence in the South Study Area and assigned to the 
older unit of younger fan alluvium (Qfy1). It has browner colors (7.5-10YR 6/3-4) than the 
underlying intermediate alluvium, and its gravel fraction contains pebbles, cobbles, and boulders. 
Available exposures indicate a lack of bedding and a poorly sorted texture, consistent with debris 
flow deposition. In most areas this unit is <1.5 m thick. However, the gravelly sediment at the 
WJR-8 site is 6 m thick. Two charcoal samples collected 1 m below the surface in soil pit WJR-8 
returned uncalibrated radiocarbon ages of 9360 ± 40 14C yr B.P. and 9580 ± 40 14C yr B.P 
(Gardner et al., 2001). Therefore, the coarse gravel sedimentation from inferred debris flows 
associated with unit Qfy1 occurred at the Pleistocene-Holocene transition. 
 
A thin, gravelly deposit (Qfyin) is inset into Qfy1 near the northern study area boundary. At a 
location 60 m southeast of the McCalpin 98-6 trench site (sample site B-1 RC-3), a 0.5 m-thick, 
slightly orangish deposit is also grouped with unit Qfyin (Fig. 2) because it overlies an erosional 
surface marked by a cobble-boulder stone line and is inferred to be an inset deposit. We cannot 
prove the inset nature of this deposit because exposure does not allow us to observe a buttress 
contact against older sediment (e.g., Qfi2 to the north); it is possible this particular deposit 
extends under the mapped Qfy1/Qfi2 sequence that comprises the ridge immediately north of the 
site. However, an shallow exposure on the south slope of this ridge (located 9 m west of sample 
site B-1 RC-3) shows fine, massive sand with only 5% scattered pebbles that is consistent with 
Qfi2 alluvium, so we think an inset deposit (Qfyin) is a reasonable inference. 
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Holocene alluvium occupying valley bottoms is composed of sand and gravel that is 
characteristically brownish or grayish (10YR 4-5/3 to 10YR 5/6; 10YR 3-6/2). This alluvium 
typically possesses top soils with weak soil development (characterized by organic-rich A 
horizons with no to weak, soft ped development). In Water Canyon immediately east of State 
Road 501, three terraces were mapped in the valley bottom alluvium based on tread height. 
However, exposure does not permit us to interpret whether these are treads overlie the same 
deposit or whether different-aged deposits underlay each tread. 
 
Northern  Study Area 
 
Geomorphically, the northern study area is dominated by a large alluvial fan emanating from an 
unnamed canyon incised into the Bandelier Tuff immediately east of the McCalpin 98-4 trench 
site. The trench itself is located at the head of this alluvial fan. Smaller alluvial fans are present 
near the northern and southern boundaries of this study area. Subunit Qbt4 of the Bandelier Tuff 
outcrops in the southeast corner of the study area. Note that the escarpment along the west side 
of the study area is underlain by subunit Qbt3t that is up to ~60 m (~200 ft) above the outcrop of 
Qbt4. This apparent stratigraphic inversion is readily explained by east-down faulting along the 
western strand of the Pajarito fault mapped at the base of the escarpment.   
 
The smaller alluvial fans are composed of poorly bedded, grayish, poorly sorted sandy pebbles 
and pebbly sand, which we interpret as middle-late Holocene alluvium (Qfy2). The topsoil of 
these deposits typically consists of a thick, organic-rich A horizon with weak ped development. 
The Qfy2 unit grades laterally down-gradient into slopewash deposits deposited by unconfined 
flow, whose upper parts may be slightly younger than Qfy2 to the west. 
 
The large fan extending eastward from the McCalpin 98-4 trench site is interpreted to be largely 
Pleistocene in age, except for a lobe of inferred Qfy1 immediately north of the incised fan 
drainage. Exposed in the fanhead trench is light brown clay-silt and fine sand (minor medium- to 
very coarse-grained sand) interbedded with minor pebbly sand and sandy pebbles-boulders. The 
sediment here (Qfi1) lacks reworked pumice clasts and is overprinted by paleosols characterized 
by illuviated clay.  
 
No exposure exists of the Pleistocene units on the large alluvial fan south of the incised fan 
drainage. There, we have mapped three geomorphic surfaces which developed on intermediate 
fan alluvium (called Qfi1s1 through Qfi13) as well as a Qfi2 deposit. These surfaces are 
recognized by their geomorphic position and amount of exposed boulders and cobbles on a 
surface. The El Cajete pumice is absent on these surfaces except on the south-central part of the 
highest surface (Qfi1s1_ec). Since the other two surfaces are inset below Qfi1s1 and lack El 
Cajete pumice, we infer that the pumice fall-out in unit Qfi1s1_ec was incorporated into a topsoil 
developed on a relatively stable part of the alluvial fan, downhill of where Qfi1s1 seems to have 
been heavily eroded.  This topsoil likely has been eroded or modified by subsequent slopewash 
processes. Qfi2 is relatively easy to distinguish on the large alluvial fan because of the presence 
of El Cajete pumice lapilli in its deposit. 
 
 

STRUCTURE 
 

Out mapping efforts discovered two exposures with possible faulting, which may be subsidiary 
strands to the main Pajarito fault. We interpret that stratigraphic relations suggest a WNW-
trending fault in Water Canyon east of State Road 501. Also, a likely fault scarp was mapped in 
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the southeast corner of the North Study Area that was ~ 1 m tall, where Subunit 4 of the 
Bandelier Tuff is present on the footwall and slopewash covers the hanging wall. 
 
Two exposures were found in the Southern Study Area that might exhibit faults. The southern 
exposure (UTM coordinates: 377,015 m E, 3,966,574 m N) is in a recently incised gully along-
trend of an airphoto lineament identified on a geomorphic surface to the south. In the gully 
exposure, subtle fracture patterns identified by Rob Givler suggested faulting. This questionable 
fault coincides with a queried fault drawn by Lewis et al. (2009). We end this fault ~50 m north 
of this exposure because it is not observed in the recently incised arroyo at charcoal site B-1 RC-
4.  
 
Another possible fault is located at the B-1 RC-4 charcoal sites (UTM coordinates: 377008 m E, 
3966633 m N), about 60 m southeast of the 98-6 McCalpin trench site (Fig. 2). It was debated in 
the field with LCI personnel and Tom Rockwell whether this feature was truly a fault, or a basal 
shear plane of a slump block. Where present in unit Qfi2, the shear plane strikes 343° and dips 
49° E. Slickenside lineations are well-expressed and have consistent trends\plunges of 
100°\55°E. This possible fault and strong fractures affect Qfi2 but not the upper gravelly unit of 
Qfyin. However, faint hairline fractures appear to extend into the Qfyin unit above the obvious 
fractures in Qfi2.  
 
Two antithetic faults interpreted by Lewis et al. (2009) in the vicinity of Water Canyon are 
important to discuss. North of Water Canyon, Lewis et al. (2009) interpreted an antithetic fault 
beneath State Road 501 with 6.0-7.6 m of west-down throw. Her fault interpretation is probably 
based on the presence of Bandelier Tuff to the east of the road and the absence of this rock to the 
west. We also agree with interpretation of Lewis et al. (2009) that a west-down fault is present in 
the north-south canyon >0.2 km south of Site A. This southern fault also has several meters of 
west-down throw, assuming that the absence of Bandelier Tuff on the hanging wall is due to 
fault displacement rather than erosion. Recent incision along the main creek in Water Canyon 
has revealed continuous bedrock exposure where the west-down fault from Site A projects 
southwards towards the aforementioned southern fault. We did not see any evidence of large-
magnitude (>2 m) fault displacement along the creek-bottom exposure, although foliation 
attitudes suggest local NW-trending folding. Therefore, we think it is reasonable that a WNW 
trending, southwest-down fault may hard-link the southern fault with the State Road 501 fault. 
The existence of a spring on the middle of this postulated structure would be consistent with 
shallow bedrock on its northeast side (which is up-thrown relative to the southwest side) . 
 
  
 

SUMMARY OF MAPPING RESULTS 
 

Our mapping refines the stratigraphy and improves understanding of the geology at both the 
Southern and Northern Study Areas. In the Southern Study Area, mapping of unit Qfy1 may 
allow extension of early Holocene age control from the WJR-8 radiocarbon site southward to 
Site B. Our mapping confirms the existence of older alluvium at Site A, which is much thicker 
on the hanging wall (4-5 m) compared to the footwall (� 1 m). A postulated WNW fault may 
hard-link antithetic faults mapped in the north-south canyon south of Site A and a previously 
inferred fault under State Road 501 west of Site A (Lewis et al., 2009). At Site B (which includes 
proposed trench PT-8), the higher geomorphic surfaces immediately south of McCalpin Trench 
98-6 are inferred to be underlain by a thin (~1 m thick) layer of coarse alluvium correlated to unit 
Qfy1 (latest Pleistocene to early Holocene), which in turn is underlain by relatively fine-grained 
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and orangish alluvium of unit Qfi2 (74 to ~15 ka). These units grade laterally westwards into 
colluvium and slopewash exposed in the McCalpin Trench 98-6. A bouldery debris flow deposit 
correlated to Qfy1, overlying unit Qfi1 (pre-74 ka), caps the broad geomorphic surface 90 m 
south of McCalpin Trench 98-6. Near PT-8 (Site B), our mapping suggests the potential, based 
solely on mapping and inferred ages of stratigraphic units, to constrain earthquakes that occurred 
after 74 ka (post El Cajete pumice). Exposure is poor near Site E-north, but our mapping there 
suggests the area is generally underlain by slopewash with El Cajete pumice-lapilli, which in 
turn likely overlies El Cajete pumice. An exposure of a well-developed argillic horizon, 
underlying 20-30 cm of slopewash at an exposure immediately north of State Road 4 (UTM 
coordinates: 376,967 m E, 3,966,556 m N), suggests a similar well-developed argillic soil may 
extend northwards at shallow depths in the vicinity of the Site E-north site. About 100 m west of 
the intersection of State Roads 4 and 501, interpreted Holocene-age fan deposits are present that 
appear to extend across the inferred location of the Pajarito fault, but their ages are not 
constrained.  
 
Proposed trench sites in the Northern Study Area are generally located on small alluvial fans 
underlain by middle to late Holocene alluvium. For the two proposed trench sites near the 
northern boundary of this study area (PT-6 and PT-7), exposures in a nearby arroyo indicate 1-2 
m of Holocene alluvium overlies fine-grained, orangish alluvium that lacks El Cajete pumice 
(unit Qfi1). The Holocene alluvium grades laterally westward into undivided colluvium and 
slopwash deposits (Qcs). Proposed trenches 60-140 m north of the McCalpin 98-4 trench (PT-1, 
PT-2, PT-3) would encounter shallow colluvium and talus (Qct) in the lower escarpment, 
grading eastward to our undivided colluvium+slopewash unit (Qcs) which in turn grades 
eastward to Holocene deposits. Two Holocene units are mapped here based on slight differences 
(0.5-1.0 m) in the height of their overlying surfaces. Based on our mapping, proposed trench PT-
4 would likely encounter a similar stratigraphic record as the McCalpin 98-4 trench. Deep 
exposures were not available at the southernmost trench site, PT-5, to assess what stratigraphic 
units underlie the �0.5 m of Qfy2 exposed at the surface. �
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�‰�Œ�}�(�]�o���� �Á���•�� ���]�š�Z���Œ���•���o�����š������ ���Ç�� �D�����}�v���o���� ���v���l�}�Œ���‰���Œ�•�}�v�v���o���(�Œ�}�u�� �>���/�X�� �� �^�}�]�o���‰�Œ�}�(�]�o���•�� ���Œ���� �]�����v�š�]�(�]������ ���Ç�� �š�Z����
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�ì�X�ì�ñ�� �u�� ���o�}�v�P�� �š�Z���� �š�Œ���v���Z�� �Z�}�Œ�]�Ì�}�v�š���o�� �o���À���o�� �o�]�v���X�� �� �����•���Œ�]�‰�š�]�}�v�•�� �Œ���(�o�����š�� �•�}�]�o�� �u�}�Œ�‰�Z�}�o�}�P�Ç�� ���Æ�‰�}�•������ �Á�]�š�Z�]�v��
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�^�}�]�o�� �u�}�Œ�‰�Z�}�o�}�P�Ç�� �Á���•�� �����•���Œ�]�������� �]�v�� �������Z�� �•�}�]�o�� �š�Œ���v���Z�� ���Æ�����À���š�]�}�v�� �������}�Œ���]�v�P�� �š�}�� �š�Z���� �•�š���v�����Œ���� �u���š�Z�}���•�� ���v����
�v�}�u���v���o���š�µ�Œ���� �}�(�� �š�Z���� �^�}�]�o�� �^�µ�Œ�À���Ç�� �^�š���(�(�� �~�í�õ�õ�ô�•�� ���v���� �•�µ�‰�‰�o���u���v�š������ �Á�]�š�Z�� �u�}���]�(�]�����š�]�}�v�•�� ���‰�‰�o�]�������o���� �š�}�� �•�}�]�o��
�•�š�Œ���š�]�P�Œ���‰�Z�Ç�� �~���]�Œ�l���o���v���U�� �í�õ�õ�õ�•�X�� �� �^�}�]�o�� �Z�}�Œ�]�Ì�}�v�•�� �Á�]�š�Z�]�v�� �������Z�� �‰�Œ�}�(�]�o���� �Á���Œ���� �����o�]�v�����š������ �����•������ �}�v�� �À���Œ�š�]�����o��
���]�(�(���Œ���v�����•�� �]�v�� �•�}�]�o�� �‰�Œ�}�‰���Œ�š�]���•�� �}�(�����}�o�}�Œ�U�� �•�š�Œ�µ���š�µ�Œ���U�� ���}�v�•�]�•�š���v�����U�� �Œ�}�}�š�� �����v�•�]�š�Ç�U�� �‰�}�Œ���•�U�� �š���Æ�š�µ�Œ���U�� �•�����]�u���v�š��
���}�u�‰�}�•�]�š�]�}�v���}�Œ���o���Ç���Œ�]�v�P�U���‰�Œ���•���v���������v���������µ�v�����v�������}�(�����]�}�š�µ�Œ�����š�]�}�v�U�����Z���v�P���•���]�v���‰���Œ���v�š���u���š���Œ�]���o�U�����v�����}�š�Z���Œ��
�Á�����š�Z���Œ�]�v�P���(�����š�µ�Œ���•���•�µ���Z�����•���(�Œ�����š�µ�Œ���•�����v�����š�Z�����‰�Œ���•���v�������}�(���Œ�����}�Æ�]�u�}�Œ�‰�Z�]�����(�����š�µ�Œ���•�X�����s���Œ�š�]�����o���•���‹�µ���v�����•���}�(��
�Z�}�Œ�]�Ì�}�v�� ���}�µ�v�����Œ�]���•�� �Á���Œ���� �]�����v�š�]�(�]������ �Á�]�š�Z�]�v�� �������Z�� �•�}�]�o�� �‰�Œ�}�(�]�o���� �����•���Œ�]�������� ���v���� �������Z�� �Z�}�Œ�]�Ì�}�v�� ���}�µ�v�����Œ�Ç�� �Á���•��
�(�o���P�P�������Á�]�š�Z�������v���]�o���Á�]�š�Z���(�}�o���������}�Œ���v�P�����(�o���P�P�]�v�P�X�������µ�o�l���•�}�]�o���•���u�‰�o���•���Á���Œ�������}�o�o�����š�������(�Œ�}�u���������Z���Z�}�Œ�]�Ì�}�v�X������
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�^�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç���Á���•���‹�µ���v�š�]�(�]�������µ�•�]�v�P���š�Z�����^�}�]�o�������À���o�}�‰�u���v�š���/�v�����Æ���~�^���/�•���‰�Œ�}�������µ�Œ���•���������}�Œ���]�v�P���š�}���,���Œ�����v��
�~�í�õ�ô�î�•�U���,���Œ�����v�����v�����d���Ç�o�}�Œ���~�í�õ�ô�ï�•�U���d���Ç�o�}�Œ���~�í�õ�ô�ô�•�U�����v�������]�Œ�l���o���v�����~�í�õ�õ�õ�•�X���������o���µ�o���š�]�}�v���}�(���^���/���À���o�µ���•���]�•�������•������
�}�v���������}�v�À���Œ�•�]�}�v���}�(���(�]���o���������•���Œ�]���������•�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç���~�]�X���X�U�����}�o�}�Œ�U���•�š�Œ�µ���š�µ�Œ���•���]�v�š�}���v�µ�u���Œ�]�����o�������š�����š�}�����v�����o��������
�‹�µ���v�š�]�š���š�]�À���� ���}�u�‰���Œ�]�•�}�v�� �}�(�� �š�Z���� �����P�Œ������ �}�(�� �•�}�]�o�� �����À���o�}�‰�u���v�š�X�� �� �W�}�]�v�š�•�� ���Œ���� ���•�•�]�P�v������ �š�}�� �������Z�� �•�}�]�o�� �‰�Œ�}�‰���Œ�š�Ç��
�����•�������}�v���š�Z�������]�(�(���Œ���v�����������š�Á�����v���š�Z���������•���Œ�]���������‰�Œ�}�‰���Œ�š�Ç�����v�����š�Z�����‰���Œ���v�š���u���š���Œ�]���o���}�(���š�Z�����•�}�]�o�X�����W�}�]�v�š�•���(�}�Œ��
� �� �� ��Z�� �•�}� ]�o�� �‰�Œ�}�‰���Œ�š�Ç��� ��Œ��� � �v�}�Œ�u���o�]� Ì� �� �� � �š�}� � � �� � �‰���Œ��� ��v�š���P��� � �•� �� ��o��� � � �� ��•� �� �� � �}�v�� ���� ���}�u�‰���Œ�]�•�}�v�� �}�(�� �������Z�� �����•���Œ�]�������� �•�}�]�o��
�‰�Œ�}�‰���Œ�š�Ç�� �š�}�� ���� �‰�µ���o�]�•�Z������ �}�Œ�� ���}�v�����‰�š�µ���o�� �u���Æ�]�u�µ�u�� �À���o�µ���� �}�(�� �����À���o�}�‰�u���v�š�� �(�}�Œ�� �������Z�� �‰���Œ�š�]���µ�o���Œ�� �‰�Œ�}�‰���Œ�š�Ç�X����
�E�}�Œ�u���o�]�Ì�������‰�Œ�}�‰���Œ�š�Ç���À���o�µ���•�����Œ�����•�µ�u�u�������(�}�Œ���������Z���Z�}�Œ�]�Ì�}�v�����v�������À���Œ���P�������Ç�]���o���]�v�P�������,�}�Œ�]�Ì�}�v�������À���o�}�‰�u���v�š��
�/�v�����Æ�� �~�,���/�•�� �À���o�µ���� �š�Z���š�� �‰�Œ�}�À�]�����•�� ���v�� ���•�š�]�u���š���� �}�(�� �}�À���Œ���o�o�� �Z�}�Œ�]�Ì�}�v�������À���o�}�‰�u���v�š�X�� �� �,���/�� �À���o�µ���•�� ���Œ���� �š�Z���v��
�u�µ�o�š�]�‰�o�]���������Ç���•�}�]�o���Z�}�Œ�]�Ì�}�v���š�Z�]���l�v���•�•�����v�����•�µ�u�u�������(�}�Œ���������Z���•�}�]�o���‰�Œ�}�(�]�o�����Ç�]���o���]�v�P�������W�Œ�}�(�]�o���������À���o�}�‰�u���v�š���/�v�����Æ��
�~�W���/�•�� �À���o�µ���� �(�}�Œ���š�Z���š�� �‰���Œ�š�]���µ�o���Œ���‰�Œ�}�(�]�o���X�� �� �W���/�� �À���o�µ���•�� �‰�Œ�}�À�]������ �����u�����v�•�� �}�(�� ���}�u�‰���Œ�]�•�}�v�����u�}�v�P���•�}�]�o�•�� �Á�]�š�Z�]�v������
�P�]�À���v�� �•���‹�µ���v������ �}�(�� ���]�(�(���Œ���v�š�� ���P���� �•�µ�Œ�(�������•�� ���v���� �����v�� ������ �µ�•������ �š�}�� �����À���o�}�‰�� ���� �•�}�]�o�� ���Z�Œ�}�v�}�(�µ�v���š�]�}�v�� �µ�•�]�v�P�� ���P����
���•�š�]�u���š���•�� �(�}�Œ�� �������Z�� �•�}�]�o�� �‰�Œ�}�(�]�o���X�� �� �d�Z���� ���Z�Œ�}�v�}�(�µ�v���š�]�}�v�� �����v�� ������ �]�v�À���Œ�š������ �š�}�� �‰�Œ�}�À�]������ �����o�]���Œ���š�����r�•�}�]�o�� ���P����
���•�š�]�u���š���•�� �(�}�Œ�� �������]�š�]�}�v���o�� �•�}�]�o�•�� �~�}�(�š���v�� �o�����l�]�v�P�� ���P���� �]�v�(�}�Œ�u���š�]�}�v�•�������•������ �}�v�� �W���/�� �À���o�µ���•�� �����Œ�]�À������ �(�Œ�}�u�� �(�]���o����
�����•���Œ�]�‰�š�]�}�v�•���~�D�����}�v���o���U���í�õ�õ�õ�V���D�����}�v���o���U���î�ì�í�ð�•�X��������

���o�o�� �W���/�� �À���o�µ���•�� ���Œ���� �����o���µ�o���š������ �µ�•�]�v�P�� ���� �•�‰�����]�(�]�����o�o�Ç�� �(�}�Œ�u���š�š������ ���Æ�����o�� �•�‰�Œ�������•�Z�����š�� �~�À���Œ�•�]�}�v�� �î�ì�í�ò�•�� �Á�]�š�Z��
�u�}�Œ�‰�Z�}�o�}�P�]�����À���o�µ���•�����v�š���Œ�������(�}�Œ���������Z���Z�}�Œ�]�Ì�}�v���}�(���������Z���•�}�]�o�X�����D�}�Œ�‰�Z�}�o�}�P�]�����À���o�µ���•�������v�����������v�š���Œ�������(�}�Œ���µ�‰���š�}��
�í�ì�� �u�}�Œ�‰�Z�}�o�}�P�]���� �‰���Œ���u���š���Œ�•���(�}�Œ���������Z���•�}�]�o���Z�}�Œ�]�Ì�}�v���]�v���o�µ���]�v�P�W���Œ�µ���]�(�]�����š�]�}�v�� �~�Œ���������v�]�v�P�•�U�����}�o�}�Œ���‰���o�]�v�P�U�����}�o�}�Œ��
�o�]�P�Z�š���v�]�v�P�U�� �u���o���v�]�Ì���š�]�}�v�� �~�����Œ�l���v�]�v�P�•�U�� �š�}�š���o�� �š���Æ�š�µ�Œ���U�� ���Œ�Ç�� ���}�v�•�]�•�š���v�����U�� �u�}�]�•�š�� ���}�v�•�]�•�š���v�����U�� ���Œ�P�]�o�o���v�•�� �~���o���Ç��
�(�]�o�u�•�•�U���•�š�Œ�µ���š�µ�Œ���U���‰�,�U�����v���������Œ���}�v���š�����u�}�Œ�‰�Z�}�o�}�P�Ç�X�������d�Z�����•�‰�Œ�������•�Z�����š�����o�o�}�Á�•���(�}�Œ���W���/�������o���µ�o���š�]�}�v�•���µ�•�]�v�P�����v�Ç��
���}�u���]�v���š�]�}�v�� �}�(�� �í�ì�� �u�}�Œ�‰�Z�}�o�}�P�]���� �‰���Œ���u���š���Œ�•�� �š�}�� �����š���Œ�u�]�v���� �š�Z���� �•���š�� �}�(�� �‰���Œ���u���š���Œ�•�� �š�Z���š�� �‰�Œ�}�À�]�����•�� �š�Z���� �•�}�]�o��
���Z�Œ�}�v�}�(�µ�v���š�]�}�v���Á�]�š�Z���š�Z���������•�š���o�]�v�����Œ���Œ���o���š�]�}�v�•�Z�]�‰�X������

������ ���Œ�]�š�]�����o�o�Ç�� �]�u�‰�}�Œ�š���v�š�� ���}�v�•�]�����Œ���š�]�}�v�� �]�v�� ���‰�‰�o�Ç�]�v�P�� �š�Z���� �^���/�� �]�•�� �����š���Œ�u�]�v�]�v�P�� �š�Z���� �•�}�]�o�� �‰���Œ���v�š�� �u���š���Œ�]���o�� �À���o�µ���•�X����
�W���Œ���v�š���u���š���Œ�]���o���À���o�µ���•���(�}�Œ���������Z���‰�Œ�}�(�]�o�����Á���Œ���������i�µ�•�š�������š�}���Œ���(�o�����š���À���Œ�š�]�����o�����Z���v�P���•���]�v���š���Æ�š�µ�Œ���U�����}�v�•�]�•�š���v�����U��
���v���� ���}�o�}�Œ�� �}�(�� �š�Z���� �]�v�(���Œ�Œ������ �‰���Œ���v�š� � � u� �� š� �� Œ� ]� �� o� � � š� Z� �� š� � � �� }� Œ� Œ� �� •� ‰� }� v� �� � � š� }� � � À� ��Œ�š�]�����o�� �•�š�Œ���š�]�(�]�����š�]�}�v�� ���•�•�}���]���š������ �Á�]�š�Z��
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�À���Œ�]���š�]�}�v���]�v�����}�o�]���v�U�����o�o�µ�À�]���o�U�����v�������}�o�o�µ�À�]���o�������‰�}�•�]�š�]�}�v�X�����&�}�Œ���u�}�•�š���}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���]�v���š�Z�]�•���•�š�µ���Ç�U���š�Z�����Á�����l�o�Ç�r��
�š�}���v�}�v�r���o�š���Œ���������}�o�o�µ�À�]�µ�u���(�}�µ�v�������š���•���À���Œ���o���o�}�����o�]�š�]���•���~�š�Ç�‰�]�����o�o�Ç�������Z�}�Œ�]�Ì�}�v�•�•���Á���•���µ�•���������•�������•�š���Œ�š�]�v�P���‰�}�]�v�š���(�}�Œ��
���•�•���•�•�]�v�P���‰���Œ���v�š���u���š���Œ�]���o���~���]�•���µ�•�•�������]�v���u�}�Œ���������š���]�o�������o�}�Á�•�X��

�î�X�ï�� �^�š�Œ���š�]�P�Œ���‰�Z�]���r���P�����Z���o���š�]�}�v�•�Z�]�‰�•���(�}�Œ���^�}�]�o�•��
�W�Œ�}�(�]�o���������À���o�}�‰�u���v�š���/�v�����Æ���À���o�µ���•���Á���Œ���������o���µ�o���š�������š�}���š�Z���������•�����}�(���������Z���Œ�����}�P�v�]�Ì�������•�}�]�o�U���Á�]�š�Z���š�Z�����•�µ�u�u������
�W���/���}�(���š�Z�������v�š�]�Œ�����}�À���Œ�o�Ç�]�v�P���•�}�]�o�����}�o�µ�u�v���~�]�(���u�}�Œ�����š�Z���v���}�v�����•�}�]�o���]�•���‰�Œ���•���v�š�•���µ�•�������š�}�������o���µ�o���š�����•�}�]�o�����P���X�����d�Z����
�W���/�r�����•�������•�}�]�o�����P�����š�Z���Œ���(�}�Œ�����Œ���(�o�����š�•���š�Z�����š�}�š���o���š�]�u�����Œ���‹�µ�]�Œ�������š�}�������À���o�}�‰�����o�o���}�(���š�Z�����}�À���Œ�o�Ç�]�v�P���•�}�]�o���•�š�Œ���š�]�P�Œ���‰�Z�Ç��
�~�]�X���X�U�� �š�Z���� �}�À���Œ�o�Ç�]�v�P�� �•�š�����l�� �}�(�� ���µ�Œ�]������ �•�}�]�o�•�•�� ���}�Á�v�� �š�}�� ���� �•�‰�����]�(�]���������‰�š�Z�� �~�µ�•�µ���o�o�Ç�� �š�Z���� �����•���� �}�(�� �������Z�� ���µ�Œ�]������ �•�}�]�o��
�•�š�Œ���š�]�P�Œ���‰�Z�]���� �µ�v�]�š�•�X�� �� �/�v�� �}�š�Z���Œ�� �Á�}�Œ���•�U�� �š�Z���� �W���/�� ���P���•�� �Œ���(�o�����š�� �š�Z�����š�]�u���� �š�Z���š�� �š�Z���� �}�À���Œ�o�Ç�]�v�P�� �•�š�Œ���š���� �Z���À���� �������v��
���Æ�‰�}�•�������š�}���•�}�]�o���(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•�X�����d�Z�]�•�����•�•�µ�u���•���š�Z���š���š�Z���Œ�����]�•���v�}���u�]�•�•�]�v�P���•�}�]�o�������š�Á�����v���š�Z�����•�µ�Œ�(�����������v�����š�Z����
�����•�����}�(���������Z���•�}�]�o�X�����d�Z�]�•���]�•���v�}�š���Œ�����o�]�•�š�]�����(�}�Œ�����o�o���š�Œ���v���Z���‰�Œ�}�(�]�o���•�����������µ�•�����]�š���]�•���‰�Œ�}�������o�����š�Z���š���•�}�u�����•�}�]�o�•�����Œ�������]�š�Z���Œ��
�‰���Œ�š�]���o�o�Ç�� �š�Œ�µ�v�����š������ �}�Œ�� ���}�u�‰�o���š���o�Ç�� �u�]�•�•�]�v�P�� �(�Œ�}�u�� �Á�]�š�Z�]�v�� ���v�Ç�� �š�Œ���v���Z�� �•�����š�]�}�v�X�� �� �&�µ�Œ�š�Z���Œ�U�� �]�v�� �����•���•�� �Á�Z���Œ����
�•�����]�u���v�š�•���}�Œ�������‰�}�•�]�š�•���Z���À�����������v�����Æ�‰�}�•���������Ç�����Œ�}�•�]�}�v���}�(���}�À���Œ�o�Ç�]�v�P���u���š���Œ�]���o���~���(�š���Œ���]�v�]�š�]���o���‰�}�•�š�r�����‰�}�•�]�š�]�}�v��
���µ�Œ�]���o�•�U���š�Z�����š�]�u�����}�(���•�}�]�o���(�}�Œ�u���š�]�}�v���Á�]�o�o���Œ���(�o�����š���š�Z�����š�]�u�����}�(�����Æ�‰�}�•�µ�Œ�����š�}���•�}�]�o�r�(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•�U���v�}�š���š�Z�������P����
�}�(���š�Z���������‰�}�•�]�š�X�����/�v���}�š�Z���Œ���Á�}�Œ���•�U���š�Z���������P�Œ�������}�(���•�}�]�o���(�}�Œ�u���š�]�}�v���Œ���(�o�����š�•���š�Z�����š�]�u�����]�v�š���Œ�À���o���š�Z���š�����v�Ç���•�µ�Œ�(���������}�Œ��
�����‰�}�•�]�š���Z���•���������v�����Æ�‰�}�•�������š�}���•�}�]�o�r�(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•�U���Á�Z�]���Z���Á�]�o�o���P���v���Œ���o�o�Ç���}�����µ�Œ���Á�Z���v���À���Œ���š�Z���������‰�}�•�]�š���]�•��
�Á�]�š�Z�]�v�����‰�‰�Œ�}�Æ�]�u���š���o�Ç���í�r�î���u���}�(���š�Z�����o���v�����•�µ�Œ�(�������X�����/�v���u�}�•�š�������•���•���]�v�À�}�o�À�]�v�P���š�Z�����,�}�o�}�����v�����}�Œ���o���š���•�š���W�o���]�•�š�}�����v����
�•�µ�Œ�(�]���]���o�������‰�}�•�]�š�•���š�Z�]�•���Á�]�o�o�����������‹�µ�]�À���o���v�š���š�}���š�Z�������P�����}�(���š�Z���������‰�}�•�]�š�X�����W���/�r�����•���������P���•���•�Z�}�µ�o�������������}�v�•�]�����Œ������
�u�]�v�]�u�µ�u�����P���•���Á�Z���Œ�������Œ�}�•�]�}�v���Z���•���Œ���•�µ�o�š�������]�v���u�]�•�•�]�v�P���•�š�Œ���š���X��������

�î�X�ð�� �����•���Œ�]�‰�š�]�}�v���}�(���^�}�]�o���^�š�Œ���š�]�P�Œ���‰�Z�Ç�����Æ�‰�}�•�������]�v���d�Œ���v���Z���•��
�s���Œ�š�]�����o�o�Ç���•�š�����l�������•���‹�µ���v�����•���}�(���u�µ�o�š�]�‰�o�������µ�Œ�]�������•�}�]�o�•�����Œ�������Æ�‰�}�•�������]�v���������Z���š�Œ���v���Z���~�����•�]�P�v���š���������Ç���š�Z�����•�µ�(�(�]�Æ��
�Z���[�����š���š�Z�������v�����}�(���������Z���Z�}�Œ�]�Ì�}�v�������•�]�P�v���š�]�}�v�•�X�������µ�Œ�]�������•�}�]�o�•�����Œ�����(�}�Œ�u���Œ���•�µ�Œ�(���������•�}�]�o�•���š�Z���š���Z���À�����������v�����µ�Œ�]���������Ç��
�•�µ���•���‹�µ���v�š�� �‰���Œ�]�}���•�� �}�(�� �����‰�}�•�]�š�]�}�v�� ���Ç�� �•�µ�Œ�(�]���]���o�� �•�����]�u���v�š�•�X�� �� �/�v�� �u�}�•�š�� �����•���•�U�� �š�Z���� �š�}�‰�� �}�(�� �������Z�� ���µ�Œ�]������ �•�}�]�o�� �]�•��
�Œ�����}�P�v�]�Ì���������•�����v���]�v���Œ�����•�����]�v�������Z�}�Œ�]�Ì�}�v���‰�Œ�}�‰���Œ�š�]���•�U�����•�‰�����]���o�o�Ç�����v���]�v���Œ�����•�����~�Œ���o���š�]�À�����š�}���š�Z�����}�À���Œ�o�Ç�]�v�P���Z�}�Œ�]�Ì�}�v�•��
�]�v�����Œ�P�]�o�o���v�•���~�À���Œ�š�]�����o�o�Ç���š�Œ���v�•�o�}�����š���������o���Ç�U�����o�•�}�������o�o���������o���Ç���(�]�o�u�•�•�U���Œ�µ���]�(�]�����š�]�}�v���~�]�v���Œ�����•�����]�v���•�}�]�o���Œ�����v���•�•�•�U�����v����
�š�Z�����•�š�Œ���v�P�š�Z���}�(���•�}�]�o���•�š�Œ�µ���š�µ�Œ���X�����/�v���}�š�Z���Œ���Á�}�Œ���•�U���š�Z�����š�}�‰���}�(���������Z�����µ�Œ�]�������•�}�]�o���]�•���}�(�š���v���Œ�����}�P�v�]�Ì���������•���š�Z�����š�}�‰���}�(��
�š�Z�����•�š�Œ�}�v�P���•�š�������Z�}�Œ�]�Ì�}�v���}�(���������Z�����µ�Œ�]�������•�}�]�o�X�����t�Z���v���•�}�]�o�•���(�}�Œ�u�����š���š�Z�����o���v�����•�µ�Œ�(�������U�������Z�}�Œ�]�Ì�}�v�•���v�}�Œ�u���o�o�Ç���o�]����
�����o�}�Á���š�Z�����•�µ�Œ�(�����������v�������Œ�����µ�•�µ���o�o�Ç���}�À���Œ�o���]�v�����Ç���•�}�u�������}�u���]�v���š�]�}�v���}�(�������Z�}�Œ�]�Ì�}�v�•�����v�����š�Œ���v�•�]�š�]�}�v���o���Z�}�Œ�]�Ì�}�v�•��
�~���X�P�X�������U�������•�X�����/�v���u���v�Ç�������•���•�U���š�Z���•�����(�}�Œ�u���Œ���•�µ�Œ�(���������Z�}�Œ�]�Ì�}�v�•�����Œ�����‰�Œ���•���Œ�À�������Á�]�š�Z�]�v���š�Z���������•�����}�(���š�Z�����}�À���Œ�o�Ç�]�v�P��
�•�}�]�o�V���Z�}�Á���À���Œ�U���•�µ���•���‹�µ���v�š���•�}�]�o�r�(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•���Z���À�������o�š���Œ�������š�Z�����}�Œ�]�P�]�v���o���u�}�Œ�‰�Z�}�o�}�P�Ç���}�(���š�Z���•�����•�}�]�o�•�X�������•��
�����Œ���•�µ�o�š�U���š�Z���������•�����}�(���š�Z�����}�À���Œ�o�Ç�]�v�P���•�}�]�o���]�•���‰�����}�P���v���š�]�����o�o�Ç���^�Á���o�������_���š�}���š�Z�����µ�v�����Œ�o�Ç�]�v�P���•�}�]�o�X�����,�}�Œ�]�Ì�}�v�•���}�(���š�Z����
���µ�Œ�]�������•�}�]�o�������v���������•�š�]�o�o���‰�����}�o�}�P�]�����o�o�Ç���š�Œ���v�•�(�}�Œ�u���������(�š���Œ�����µ�Œ�]���o�����������µ�•�����š�Z�����Ì�}�v�����}�(���•�}�]�o�r�(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•�U��
�•�µ���Z�����•���}�Æ�]�����š�]�}�v�����v���� �š�Z���� �š�Œ���v�•�o�}�����š�]�}�v�����v�����������µ�u�µ�o���š�]�}�v���}�(�����o���Ç�U�����}�u�u�}�v�o�Ç�����Æ�š���v���•���š�Z�Œ�}�µ�P�Z���š�Z�����v���Á��
�o���Ç���Œ�� �}�(�� �•�}�]�o�� ���v���� �]�v�š�}�� �š�Z���� �š�}�‰�� �}�(�� �š�Z���� �µ�v�����Œ�o�Ç�]�v�P�� �•�}�]�o�X�� �� �d�Z���� �Œ���•�µ�o�š�]�v�P�� �u�}�Œ�‰�Z�}�o�}�P�Ç�� �}�(�� �š�Z���•���� �Á���o�������� �}�Œ��
�}�À���Œ�o���‰�‰�]�v�P���•�}�]�o���Z�}�Œ�]�Ì�}�v�•���~�]�X���X�U���Z�}�Œ�]�Ì�}�v�•���š�Z���š�����Œ�����v�}�Á���‰���Œ�š���}�(�����}�š�Z���•�}�]�o�•�•�������v�����‰�‰�����Œ���u�}�Œ�����o�]�l���������Z�}�Œ�]�Ì�}�v�•��
�Œ���š�Z���Œ���š�Z���v���š�Z�����}�Œ�]�P�]�v���o���������v�������X���������o�����l���}�(���Œ�����}�P�v�]�Ì�����o�������U���}�Œ���Œ���o���š�������š�Œ���v�•�]�š�]�}�v���o���Z�}�Œ�]�Ì�}�v�•���u���Ç�����o�•�}�����������µ����
�š�}���š�Œ�µ�v�����š�]�}�v���}�(���•�}�]�o�•���‰�Œ�]�}�Œ���š�}�����µ�Œ�]���o�X�����d�Œ�µ�v�����š�]�}�v���}�(���•�}�]�o�•���]�•���}�(�š���v���Œ�����}�P�v�]�Ì���������Ç���•�Z���Œ�‰�����}�v�š�����š�•���Á�]�š�Z���š�Z����
�}�À���Œ�o�Ç�]�v�P�������‰�}�•�]�š�����v���l�}�Œ�������Œ�µ�‰�š�����Z���v�P���•���]�v���•�����]�u���v�š���š���Æ�š�µ�Œ���X�����&�µ�Œ�š�Z���Œ�u�}�Œ���U���u���v�Ç���}�(���š�Z�����•�}�]�o�•�������•���Œ�]��������
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�]�v�� �š�Z���•���� �š�Œ���v���Z���•�� ���Œ���� �]�v�� �P���}�u�}�Œ�‰�Z�]���� �•���š�š�]�v�P�•�� �š�Z���š�� ���Œ���� �u�}�Œ���� ���}�v���µ���]�À���� �š�}�� �����‰�}�•�]�š�]�}�v�� �š�Z���v�� ���Œ�}�•�]�}�v�U��
�‰�Œ�}�u�}�š�]�v�P���‰�Œ���•���Œ�À���š�]�}�v���}�(�����µ�Œ�]�������•�}�]�o�•�X��

�������� �5�(�6�8�/�7�6���$�1�'���'�,�6�&�8�6�6�,�2�1��

�ï�X�í���� �^�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���h�•�������š�}�������À���o�}�‰���W���/�����P���•����
�d�Z���� �•�}�]�o�� ���Z�Œ�}�v�}�•���‹�µ���v������ �µ�•������ �š�}�� �����À���o�}�‰�� �W���/�� ���P���� ���•�š�]�u���š���•�� �]�•�� �‰�Œ�]�u���Œ�]�o�Ç�� �����•������ �}�v�� �î�í�� �•�}�]�o�•�� �(�}�Œ�u������ �}�v��
���o�o�µ�À�]���o���š���Œ�Œ�������•���]�v���Z���v���]�i���������v�Ç�}�v���i�µ�•�š���v�}�Œ�š�Z���}�(���>�}�•�����o���u�}�•���~�D�����}�v���o�������š�����o�X�U���í�õ�õ�ò�•�X�����d�Z�Œ�������š�}���(�]�À�����•�}�]�o�•��
�Á���Œ���������•���Œ�]���������}�v���������Z���}�(���š�Z�����(�]�À�����š���Œ�Œ���������•�µ�Œ�(�������•�X�����d�Z�������P�����}�(���š�Z�����š���Œ�Œ�������•���]�v���Z���v���]�i���������v�Ç�}�v���Œ���v�P�����(�Œ�}�u��
�����}�µ�š�� �ì�X�õ�� �š�}�� �í�ð�ð�� �l���� �Á�]�š�Z�� �����š�]�v�P�� �����Œ�]�À������ �(�Œ�}�u�� ���� ���}�u���]�v���š�]�}�v�� �}�(�� ���í�ð�� ���v���� �����‰�š�Z�� �‰�Œ�}�(�]�o���•�� �}�(�� �š���Œ�Œ���•�š�Œ�]���o��
���}�•�u�}�P���v�]���� �v�µ���o�]���������}�v�����v�š�Œ���š�]�}�v�•���}�(���E���î�í�� �~�W�Z�]�o�o�]�‰�•�����š�����o�X�U���í�õ�õ�ô�•�X���� �&�}�µ�Œ���•�}�]�o�•�� �š�Z���š���Z���À�����(�}�Œ�u�������]�v���š�Z���� ���o��
�����i���š�����W�µ�u�]���������Œ�������o�•�}���]�v���o�µ���������]�v���š�Z�������Z�Œ�}�v�}�(�µ�v���š�]�}�v�X�����d�Z�����u�}�•�š���Œ�������v�š�����P�������•�š�]�u���š�����}�(���š�Z�������o�������i���š�����]�•��
�•�ó�ð���l���������•�������}�v���ð�ì���Œ�l�ï�õ���Œ�����P���•���~�•�]�u�u���Œ���Œ�����š�����o�X�U���î�ì�í�ò�•�X��������

�^�}�]�o�•���(�}�Œ�u�������}�v�����o�o�µ�À�]���o���š���Œ�Œ�������•���]�v���Z���v���]�i���������v�Ç�}�v�����]�•�‰�o���Ç���‰�Œ�}�P�Œ���•�•�]�À�������v�����•�Ç�•�š���u���š�]�����‰���š�š���Œ�v�•���}�(���‰�Œ�}�(�]�o����
�����À���o�}�‰�u���v�š�X�����^�}�]�o�•���(�}�Œ�u�������}�v���,�}�o�}�����v�������P�����š�}���o���š���•�š���W�o���]�•�š�}�����v�����•�µ�Œ�(�������•���•�Z�}�Á���‰�Œ�}�P�Œ���•�•�]�À�����š�Z�]���l���v�]�v�P��
���v���� �����À���o�}�‰�u���v�š�� �}�(�� ���Á�� �Z�}�Œ�]�Ì�}�v�•�� �Á�]�š�Z�� �]�v���Œ�����•�]�v�P�� �����À���o�}�‰�u���v�š�� �}�(�� �•�µ�����v�P�µ�o���Œ�� ���o�}���l�Ç�� �•�š�Œ�µ���š�µ�Œ���X�� �� �^�}�]�o�•��
�(�}�Œ�u������ �]�v�� �W�o���]�•�š�}�����v���� �����‰�}�•�]�š�•�� �•�Z�}�Á�� ���� ���}�v�•�]�����Œ�����o���� �]�v���Œ�����•���� �]�v�� �����À���o�}�‰�u���v�š�� �}�(�� ���š�� �Z�}�Œ�]�Ì�}�v�•�U�� �Á���o�o��
�����À���o�}�‰�������‰�Œ�]�•�u���š�]�������v�������v�P�µ�o���Œ�����o�}���l�Ç���•�š�Œ�µ���š�µ�Œ���U�����v�������Œ�P�]�o�o���v�•�����o�}�v�P���‰�}�Œ���•�����v�����‰�����(�������•�X���&�]�P�µ�Œ�����í���•�Z�}�Á�•��
�����•���Z���u���š�]�������]���P�Œ���u���}�(���•�}�]�o���(�}�Œ�u���š�]�}�v���}�À���Œ���š�]�u�����(�}�Œ���š�Z�����Y�š�ô�U���Y�š�ò�U���Y�š�ð�U�����v�����Y�š�î���•�}�]�o���‰�Œ�}�(�]�o���•�X��

�d�Z�����•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���µ�•�������š�}�������o���µ�o���š�����š�Z�����W���/�����P�������•�š�]�u���š���•���(�}�Œ�������‰�}�•�]�š�•���o�}�P�P���������š���š�Œ���v���Z���•�]�š�������U�����U��
���v���������]�•���•�Z�}�Á�v���]�v���&�]�P�µ�Œ�����î�X�����d�Z�]�•�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���]�•�������•�������}�v�������•�]�u�‰�o�����o�]�v�����Œ���Œ���P�Œ���•�•�]�}�v���u�}�����o�������š�Á�����v���š�Z����
�����•�š�����•�š�]�u���š���������P�����}�(���š�Z�����•�}�]�o�•���~�d�����o�����í�•�����v�����š�Z���������o���µ�o���š�������W���/���À���o�µ���•���(�Œ�}�u�������•���Œ�]���������•�}�]�o���‰���Œ���u���š���Œ�•���(�}�Œ��
�������Z���•�}�]�o�X�����d�Z�����W���/���À���o�µ���•�����Œ���������o���µ�o���š�����������•�������}�v���]�v���o�µ�•�]�}�v���}�(���š�Z�����•���À���v���~�ó�•���u�}�Œ�‰�Z�}�o�}�P�]�����‰���Œ���u���š���Œ�•���š�Z���š��
�‰�Œ�}�À�]���������š�Z�����•�š�Œ�}�v�P���•�š���o�]�v�����Œ�r�Œ���P�Œ���•�•�]�}�v�����}�Œ�Œ���o���š�]�}�v�X�����d�Z�����•���À���v���‰���Œ���u���š���Œ�•���µ�•�������]�v���š�Z���������o���µ�o���š�]�}�v�����Œ���W������

�~�í�•���Œ�µ���]�(�]�����š�]�}�v���~�•�}�]�o���Œ���������v�]�v�P�•��
�~�î�•���š�}�š���o���š���Æ�š�µ�Œ�����~���}�u���]�v���•���š���Æ�š�µ�Œ�������v�����Á���š�����}�v�•�]�•�š���v�����•����
�~�ï�•���•�}�]�o���•�š�Œ�µ���š�µ�Œ������
�~�ð�•�����Œ�Ç�����}�v�•�]�•�š���v������
�~�ñ�•���u�}�]�•�š�����}�v�•�]�•�š���v������
�~�ò�•�����Œ�P�]�o�o���v�•���~���o���Ç���(�]�o�u�•�U�����µ�š���v�•�•��
�~�ó�•���u���o�]�v�]�Ì���š�]�}�v���~�•�}�]�o�������Œ�l���v�]�v�P�����µ�����š�}���}�Œ�P���v�]�����u���š�š���Œ�•����

�d�Z�����W���/�����P�������•�š�]�u���š���•�������o���µ�o���š�������(�}�Œ�����o�o���•���]�•�u�]�����Z���Ì���Œ�����š�Œ���v���Z���•�]�š���•�����Œ���������•�������}�v���š�Z�����•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v��
���‹�µ���š�]�}�v�W��

�^�}�]�o�����P�����~�Ç�Œ�•�•���A���í�ì�~�o�}�P�W���/�=�í�X�î�í�ó�•�l�ì�X�ò�í�ð�����������������€���‹�µ���š�]�}�v���í�•��

�Á�Z���Œ���� �š�Z���� �W���/�� �]�•�� �š�Z���� �����Œ�]�À������ �À���o�µ���� �(�}�Œ�� �������Z�� �•�µ�Œ�(�������� �•�}�]�o�� ���v���� �(�}�Œ�� ���µ�Œ�]������ �•�}�]�o�•�� �]�•�� �š�Z���� �W���/�� �����•������ �}�v�� �•�}�]�o��
�����À���o�}�‰�u���v�š�������š�Á�����v���š�Z�����•�µ�Œ�(�����������v�����š�Z���������•�����}�(���������Z���]�����v�š�]�(�]���������µ�Œ�]�������•�}�]�o���‰�Œ�}�(�]�o���X������

��
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�ï�X�î���� �W���/�����P�������•�š�]�u���š���•���(�}�Œ���^�}�]�o���^�š�Œ���š�]�P�Œ���‰�Z�Ç����
�����Œ���‰�Œ���•���v�š���š�]�À�����•���š���•�}�]�o���‰�Œ�}�(�]�o���•���Á���•�������•���Œ�]�����������š���î�ó���o�}�����š�]�}�v�•���~�^�]�š�������W���í�î�U���^�]�š�������W���ó�U���^�]�š�������W���ô�•�����]�•�š�Œ�]���µ�š������
�����Œ�}�•�•���š�Z�����•�]�Æ���š�Œ���v���Z�����Æ�‰�}�•�µ�Œ���•�X�����^�}�]�o�•���Á���Œ���������•���Œ�]�����������š���^�]�š�������W���K���š�}�����Œ���í�õ�r�î�í�U���î�ì�í�ò�U���^�]�š�������W�����µ�P�µ�•�š���í�ó�r
�î�í�U���î�ì�í�ô�U�����v�������š���^�]�š�������W�����^���‰�š���u�����Œ���ð�r�ô�U���î�ì�í�ô�X�����^�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç���Á���•�������•���Œ�]���������(�}�Œ���������Z���•�}�]�o���Z�}�Œ�]�Ì�}�v���]�v���������Z��
�‰�Œ�}�(�]�o��� � �~�ï�î�ï� � �Z�}�Œ�]�Ì�}�v�•�� �š�}�š���o�•�� � ��v��� � � ]�•� � �•�µ�u�u���Œ�]�Ì� �� �� � � ]�v�� �d��� ��o��� � �î�X��� � � ��}�‰�]���•� � �}�(� � �š�Z��� � �(�]� ��o��� � � �� ��•� ��Œ�]�‰�š�]�}�v���•�Z��� ��š�•�� � ��Œ���� �]�v��
���‰�‰���v���]�����•�����U�����U�����v�������X�����^�}�]�o���P���v���š�]�����Z�}�Œ�]�Ì�}�v�������•�]�P�v���š�]�}�v�•�����v�����š�Z���������‰�š�Z�•���}�(���•�}�]�o�r�•�š�Œ���š�]�P�Œ���‰�Z�]�������}�µ�v�����Œ�]���•��
�]�v�� �d�����o���� �î�� ���]�(�(���Œ�� �(�}�Œ�� �•�}�u���� �Z�}�Œ�]�Ì�}�v�•�� ���•�� �}�Œ�]�P�]�v���o�o�Ç�� �o�]�•�š������ �]�v�� �(�]���o���� �����•���Œ�]�‰�š�]�}�v�� �•�Z�����š�•�X�� �� ���]�(�(���Œ���v�����•�� �Œ���(�o�����š��
�Œ���À�]�•�]�}�v�•�������•�������}�v���(�]�v���o�����•�•���•�•�u���v�š���}�(���š�Œ���v���Z���•�š�Œ���š�]�P�Œ���‰�Z�Ç�U���Z�}�Œ�]�Ì�}�v���š�Ç�‰�����}�Œ���}�Œ�]�P�]�v�U�����v�����š�Z���������P�Œ�������}�(���•�}�]�o��
�����À���o�}�‰�u���v�š�X��

�W���Œ���v�š�� �u���š���Œ�]���o�� �À���o�µ���•�� �(�}�Œ�� �W���/�� �����o���µ�o���š�]�}�v�•�� ���Œ���� �����•������ �}�v�� ���� ���}�u���]�v���š�]�}�v�� �}�(�� �Œ���‰�Œ���•���v�š���š�]�À���� �•�}�]�o�� �Z�}�Œ�]�Ì�}�v�•��
�•���o�����š�������(�Œ�}�u���������Z���š�Œ���v���Z�X�����^�}�]�o�����}�o�}�Œ���(�}�Œ���•�}�]�o�•���(�}�Œ�u�������]�v�����}�o�o�µ�À�]�µ�u���Á���•�������•�������}�v���š�Z�����•�}�]�o�����}�o�}�Œ���}�(���•���o�����š������
�����Z�}�Œ�]�Ì�}�v�•�����o�•�}���(�}�Œ�u�������]�v�����}�o�o�µ�À�]�µ�u�X�����^�}�]�o�����}�o�}�Œ�•���í�ì�z�Z���ò�l�î���~���Œ�Ç�•�����v�����í�ì�z�Z���ï�l�î���Á���Œ�����‰�Œ�]�u���Œ�]�o�Ç���µ�•���������•���•�}�]�o��
�‰���Œ���v�š���u���š���Œ�]���o���À���o�µ���•�����v�����ó�X�ñ�z�Z���ò�l�î���~���Œ�Ç�•�����v�����ó�X�ñ�z�Z���ð�l�ò���~�Á���š�•���(�}�Œ���•�}�u�����}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���Á�Z���Œ�����š�Z����
�‰���Œ���v�š���u���š���Œ�]���o�����‰�‰�����Œ�•���š�}���Z���À���������Œ���������Œ���Z�µ���X�����W���Œ���v�š���u���š���Œ�]���o���À���o�µ���•���(�}�Œ���•�}�]�o���š���Æ�š�µ�Œ�����Á���Œ���������•�������}�v���š�Z����
�š�Ç�‰�����}�(���•�}�]�o���Z�}�Œ�]�Ì�}�v�X�����^�}�]�o���Z�}�Œ�]�Ì�}�v�•���o�������o���������•�����U�������U�������U�����v�������Á�U���Z���À���������Á�]�������Œ���v�P�����š���Æ�š�µ�Œ���•���]�v���o�µ���]�v�P���•���v���U��
�o�}���u�Ç���•���v���U���•���v���Ç���o�}���u�U�����v�����•�]�o�š���o�}���u�X�����d�Z���•�����Z�}�Œ�]�Ì�}�v�•�����Œ�������•�•�µ�u�������v�}�š���š�}���Z���À�����µ�v�����Œ�P�}�v�������v�Ç���]�v���Œ�����•���•��
�]�v���š���Æ�š�µ�Œ�������µ�����š�}���o�����l���}�(���•�µ�(�(�]���]���v�š���•�}�]�o�������À���o�}�‰�u���v�š�V���š�Z���Œ���(�}�Œ�����‰���Œ���v�š���u���š���Œ�]���o���š���Æ�š�µ�Œ�����]�•���š�Z�����•���u�������•���š�Z����
�(�]���o���� �š���Æ�š�µ�Œ���X�� �� �����š���Œ�u�]�v�]�v�P�� �‰���Œ���v�š�� �u���š���Œ�]���o�� �À���o�µ���•�� �(�}�Œ�� �•�}�]�o�•�� �(�}�Œ�u������ �]�v�� ���}�o�o�µ�À�]�µ�u�U�� ���•�‰�����]���o�o�Ç�� �}�o�����Œ�U�� �Á���o�o��
�����À���o�}�‰������ �•�}�]�o���Z�}�Œ�]�Ì�}�v�•�U���]�•�� ���]�(�(�]���µ�o�š�����µ���� �š�}�� ���}�v�•�]�����Œ�����o���� �À���Œ�]���š�]�}�v�•�� �]�v�� �š���Æ�š�µ�Œ���� ���v���� �P�Œ���À���o�� ���}�v�š���v�š�� �š�Z���š���]�•��
���}�u�u�}�v���]�v�����}�o�o�µ�À�]�µ�u�X�����W���Œ���v�š���u���š���Œ�]���o���š���Æ�š�µ�Œ�����(�}�Œ�����š���Z�}�Œ�]�Ì�}�v�•���Á���•���P���v���Œ���o�o�Ç�����•�•�]�P�v�����������•�������}�v���š�Z���������P�Œ������
�}�(���Œ�µ���]�(�]�����š�]�}�v�����v���������µ�v�����v�������}�(�����Œ�P�]�o�o���v�•�U���Á�]�š�Z���o�}�Á���Œ���Œ���o���š�]�À�����‰���Œ���v�š���u���š���Œ�]���o���š���Æ�š�µ�Œ�����À���o�µ���•�����•�•�]�P�v�������(�}�Œ��
�•�}�]�o�•�� �Á�]�š�Z�� �ò�X�î�ñ�z�Z�� �}�Œ�� �ñ�� �z�Z�� �Z�µ���•�� ���v���� �����µ�v�����v�š�� ���Œ�P�]�o�o���v�•�X�� �� �W���Œ���v�š���u���š���Œ�]���o�� �À���o�µ���•�� �(�}�Œ�� ���Œ�Ç�U�� �Á���š�U�� ���v���� �u�}�]�•�š��
���}�v�•�]�•�š���v������ �‰�Œ�]�u���Œ�]�o�Ç�� �Œ���(�o�����š�� �‰���Œ���v�š�� �u���š���Œ�]���o�� �š���Æ�š�µ�Œ���� ���v���� �š�Z���� ���•�•�µ�u������ �•�����]�u���v�š�}�o�}�P�Ç�� �}�(�� �š�Z���� ���}�o�o�µ�À�]���o��
�����‰�}�•�]�š�•�X�����W���Œ���v�š���u���š���Œ�]���o���À���o�µ���•���(�}�Œ�����}�v�•�]�•�š���v�������(�}�Œ�W��
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�~�ð�•���•�]�o�š���o�}���u�•�����Œ�����‰�Œ�]�u���Œ�]�o�Ç���•�}�(�š�U���À���Œ�Ç���(�Œ�]�����o���U���À���Œ�Ç���•�o�]�P�Z�š�o�Ç���•�š�]���l�Ç�l�•�o�]�P�Z�š�o�Ç���•�š�]���l�Ç�U���À���Œ�Ç���•�o�]�P�Z�š�o�Ç���‰�o���•�š�]���l�•�o�]�P�Z�š�o�Ç��
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�^�}�]�o���•�š�Œ�µ���š�µ�Œ�������v�������Œ�P�]�o�o���v�•�����Œ�����Œ���o���š�������š�}���•�}�]�o���(�}�Œ�u���š�]�}�v�����v�������}���v�}�š���Z���À�������•�•�]�P�v�������‰���Œ���v�š���u���š���Œ�]���o���À���o�µ���•�X��

�^�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç���]�v���d�����o�����î���Á���•���µ�•�������š�}���P���v���Œ���š�����W���/�����P�������•�š�]�u���š���•���µ�•�]�v�P�����‹�µ���š�]�}�v���í���Á�]�š�Z�����P�������•�š�]�u���š���•��
� •� Z� }� Á� v� � � ]� v� � � d� �� �� o� �� � � ï� X� � � � � W� �� /� � � �� P� �� � � �� •� š� ]� u� �� š� �� •� � � �� Œ� �� � � •� Z� }� Á� v� � � Á� ]� š� Z� � � �� � � P� �� v� �� Œ� �� o� � � µ�v�����Œ�š���]�v�š�Ç�� �}�(�� ���� �î�ñ�9�� ���Œ�Œ�}�Œ�� �Á�Z�]���Z�� �]�•��
���}�v�•�]�•�š���v�š�� �Á�]�š�Z�� ���� �����u�}�v�•�š�Œ���š������ ���Œ�Œ�}�Œ�� �Œ���v�P���� �}�(�� �����}�µ�š�� �F�î�ì�� �9�� �(�}�Œ�� �W� �� /� � � �� P� �� •� � � �� �� o� �� µ� o� �� š� �� �� � � (� }� Œ� � � v� �� �� Œ� o� Ç� � � î� ñ� �
�]�v�����‰���v�����v�š�o�Ç�������š�������•�}�]�o�•���]�v���š�Z�����>�}�•�����o���u�}�•���Œ���P�]�}�v���µ�•�]�v�P���š�Z�����Z���v���]�i���������v�Ç�}�v�������•�������•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v��
�~�D�����}�v���o���U���í�õ�õ�õ�•�X����
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�ï�X�ï�� �'���v���Œ���o�����•�•���•�•�u���v�š���}�(���W���/�����P�������•�š�]�u���š���•��

�^�]�š�������W�����d�Z�����•�µ�Œ�(���������•�}�]�o�•�����š���^�]�š���������Z���À�������]�(�(���Œ���v�š�������P�Œ�����•���}�(�������À���o�}�‰�u���v�š�������š�Á�����v���d�Œ���v���Z���•���í�����v�����î��
�~�d�����o���•���î�U���ï�•�X�����^�}�]�o�����P�������•�š�]�u���š���•���(�}�Œ���š�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���í�����š���^�]�š���������Œ���v�P�����(�Œ�}�u���ì�X�õ���l�����~�^���d�í�r�ò�W���ì�X�ó�r
�í�X�í�l���•���š�}���í�í���l�����~�^���d�í�r�ï�W���ô�r�í�ï���l���•���~�d�����o�����ï�•�X�������Ç�����}�u�‰���Œ�]�•�}�v�U���š�Z�������P���•���]�v���d�Œ���v���Z���î�����Œ�����u�µ���Z���Ç�}�µ�v�P���Œ�U��
�Œ���v�P�]�v�P���(�Œ�}�u���ì�X�í���l�����~�^���d�î�r�ò�W���ì�X�í�r�ì�X�î���l���•���š�}���í�X�í���l�����~�^���d�î�W���ô�r�í�ï���l���•�X�����d�Z�������]�(�(���Œ���v�����•���]�v�����P���•���]�v���‰���Œ�š���Œ���(�o�����š�•��
�š�Z���š���š�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���î�����Œ�����š�Z�]�v�v���Œ���~�d�����o���•���î�U���ï�•�����v�����}�À���Œ���o�o���o���•�•�������À���o�}�‰�������Œ���o���š�]�À�����š�}���š�Z�����•�}�]�o�•��
�]�v���d�Œ���v���Z���í�X�����^�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���í���Z���À�����š�Z�]�v�������Z�}�Œ�]�Ì�}�v�•���}�À���Œ�o�Ç�]�v�P���u�}�����Œ���š���o�Ç�r���š�}���Á���o�o�r�����À���o�}�‰���������š��
�Z�}�Œ�]�Ì�}�v�•�X�����/�š���]�•���‰�}�•�•�]���o�����š�Z���š���š�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���í���Z���À�����P���v���Œ���o�o�Ç���(�}�Œ�u�������]�v�����}�o�o�µ�À�]�µ�u�������Œ�]�À������
�(�Œ�}�u�����v���}�o�����Œ�U���Á���o�o�r�����À���o�}�‰�������•�}�]�o���~�‰�Œ�}�À�]���]�v�P���^�Œ���������Œ�_���‰���Œ���v�š���u���š���Œ�]���o�•�����v���l�}�Œ�����Œ�����‰���Œ�š�]���o�o�Ç�����Œ�}���������}�o�����Œ��
���µ�Œ�]�������•�}�]�o�•���v�}�Á�����Æ�Z�µ�u���������v�������Æ�‰�}�•���������š���š�Z�����•�µ�Œ�(�������X�������Ç�����}�u�‰���Œ�]�•�}�v���š�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���î���Z���À����
�~�í�•���š�Z�]���l���Œ�������Z�}�Œ�]�Ì�}�v�•���}�À���Œ�o�Ç�]�v�P���Á�����l�o�Ç�������À���o�}�‰�����������Z�}�Œ�]�Ì�}�v�•�U�����v�����~�î�•���‰�Œ�]�u���Œ�]�o�Ç���(�}�Œ�u�������]�v�����}�o�o�µ�À�]�µ�u��
�����Œ�]�À�������(�Œ�}�u�����Œ�}�•�]�}�v���}�(���š�Z�������Æ�‰�}�•�����������v�����o�]���Œ���d�µ�(�(���~�Y���š�•���������Œ�}���l���š�Z���š���o�]���•���i�µ�•�š���µ�‰�•�o�}�‰�����}�(���š�Z�����š�Œ���v���Z�X����

�d�Z�����W���/�����P�������•�š�]�u���š���•���(�}�Œ���������‰���•�š�l�}�o�����•�š�����µ�Œ�]�������•�}�]�o�•�����Œ�����ò�õ���l�����~�^���d�í�r�í�W���ñ�í�r�ô�ò���l���•���]�v���d�Œ���v���Z���í�����v�����ñ�ò���l����
�~�^���d�î�r�ò�W���ð�î�r�ó�ì���l���•���]�v���d�Œ���v���Z���î�X�����d�Z���•�����W���/�����P���•�����Œ�����u�}�•�š�������Œ�š���]�v�o�Ç���o���•�•���š�Z���v���š�Z���������š�µ���o�����P���•���}�(���u�}�•�š���~���o�o�•��
�}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���P�]�À���v���š�Z�����o�����l���}�(���•���ó�ð���l�������o�������i���š�����W�µ�u�]�������]�v�����v�Ç���}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���~���µ�š���}�����µ�Œ�•���]�v��
�•�µ�Œ�(���������•�}�]�o�•���v�����Œ���^�]�š�������•���]�v���]�����š�]�v�P���š�Z���š���š�Z�������µ�Œ�]�������•�}�]�o�•���(�}�Œ�u�������‰�Œ�]�}�Œ���š�}�������}�µ�š���ó�ð���l���X��

�^�]�š�������W�����d�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���•���í�����v�����î�����š���^�]�š�����������Œ�����P���v���Œ���o�o�Ç���•�]�u�]�o���Œ���]�v�������À���o�}�‰�u���v�š���Á�]�š�Z���W���/�����P����
���•�š�]�u���š���•���Œ���v�P�]�v�P���(�Œ�}�u���ì�X�ï���l�����~���d�í�W�î�W���ì�X�î�r�ì�X�ð�l���•���š�}���ó���l�����~���d�î�W�í�W���ñ�r�ô���l���•���~�d�����o�����ï�•�X�����d�Z�����Œ���v�P�����]�v�����P���•���]�•��
���µ�����]�v���‰���Œ�š���š�}���•�}�]�o���š�Z�]���l�v���•�•�V���š�Z�����•�µ�Œ�(���������•�}�]�o�����š�����d�í�W�î���]�•���}�v�o�Ç���í�õ�����u���������‰���Á�Z���Œ�����•���š�Z���������‰�š�Z���}�(���š�Z�����}�š�Z���Œ��
�•�µ�Œ�(���������•�}�]�o�•���Œ���v�P�����(�Œ�}�u���ñ�î���š�}���ô�õ���u�X�����d�Z�����•�µ�Œ�(���������•�}�]�o�•���Z���À�����u�}�����Œ���š���o�Ç�������À���o�}�‰�����������Z�}�Œ�]�Ì�}�v�•���~�����Œ�l���Á�]�š�Z��
�}�Œ�P���v�]�����u���š�š���Œ�U���o�}�Á�����}�o�}�Œ���À���o�µ���l���Z�Œ�}�u���U���Á�����l�r�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����v�����P�Œ���v�µ�o���Œ���•�š�Œ�µ���š�µ�Œ���•���}�À���Œ�o�Ç�]�v�P��
�u�}�����Œ���š���o�Ç�������À���o�}�‰���������Á���Z�}�Œ�]�Ì�}�v�•���~�Á�����l�r�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç���•�š�Œ�µ���š�µ�Œ���U���ô�X�ó�ñ�z�Z�r�ó�X�ñ�z�Z���Z�µ���•�•�X��
�d�Á�}���}�(���š�Z�����•�µ�Œ�(�������•���•�}�]�o�•���~���d�î�W�í�U�����d�î�W�î�•�����o�•�}���Z���À�����Á�����l�o�Ç�������À���o�}�‰���������š���Z�}�Œ�]�Ì�}�v�•�X���D�}�•�š���}�(���š�Z�����•�}�]�o��
�‰���Œ���v�š���u���š���Œ�]���o���]�•�����}�o�o�µ�À�]�µ�u�������Œ�]�À�������(�Œ�}�u���š�Z�������Æ�‰�}�•�����������v�����o�]���Œ���d�µ�(�(���µ�‰�•�o�}�‰���X�����d�Z�����}�À���Œ���o�o�������P�Œ�������}�(���•�}�]�o��
�����À���o�}�‰�u���v�š�����v�����š�Z�����W���/�����P�������•�š�]�u���š���•���•�µ�P�P���•�š���š�Z���š���š�Z���•�����•�}�]�o�•���(�}�Œ�u���������µ�Œ�]�v�P���š�Z�����,�}�o�}�����v���X������

�d�Z�������µ�Œ�]�������•�}�]�o�•�����}�v�•�]�•�š���}�(���•���‹�µ���v�����•���}�(���u�}�����Œ���š���o�Ç�r���š�}���Á���o�o�r�����À���o�}�‰���������š���Z�}�Œ�]�Ì�}�v�•�X�����^�}�]�o�����}�o�}�Œ�•���Œ���v�P����
�(�Œ�}�u���ó�X�ñ�z�Z���š�}���ñ�z�Z���Z�µ���•�U���•�}�]�o���•�š�Œ�µ���š�µ�Œ�����]�•���P���v���Œ���o�o�Ç���]�•���‰�Œ�]�•�u���š�]�����‰���Œ�š�]�v�P���š�}�����v�P�µ�o���Œ�����v�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç�U��
���v���������µ�v�����v�š�����Œ�P�]�o�o���v�•���o�]�v�]�v�P���‰�}�Œ���•�����v�������}���š�]�v�P���(�Œ���P�u���v�š�•�����v�����‰�����(�������•���~�d�����o�����î�•�X�����d�Z�����}�À���Œ���o�o���v���š�µ�Œ�����}�(��
�š�Z�������š���Z�}�Œ�]�Ì�}�v�������À���o�}�‰�u���v�š���}�(���š�Z�������µ�Œ�]�������•�}�]�o�•�����š���^�]�š���������]�•���•�]�u�]�o���Œ���š�}���š�Z���������À���o�}�‰�u���v�š���}�(���š�Z�����š�Z�]���l�����š��
�Z�}�Œ�]�Ì�}�v�•���]�v���š�Z�����•�}�]�o�•���(�}�Œ�u�������}�v���š�Z�����•���í�ð�ð���l�����Y�š�î���š���Œ�Œ���������•�µ�Œ�(�������•���~�&�]�P�X���í�•�X�����d�Z�����W���/�����P�������•�š�]�u���š���•���(�}�Œ��
�������‰���•�š�l�}�o�����•�š�����µ�Œ�]�������•�}�]�o�•�����š���^�]�š���������Œ���v�P�����(�Œ�}�u���î�ì���l�����~���d�í�W�î�W���í�ñ�r�î�ñ���l���•���š�}���í�ñ�ò���l�����~���d�í�W�ð�W���í�í�ó�r�í�õ�ñ���l���•�X����
�d�Z���•�������P�����•�Z�}�µ�o�������������}�v�•�]�����Œ�������u�]�v�]�u�µ�u�����P�������•�š�]�u���š���•�����������µ�•�����~�í�•���š�Z���������•���v�������}�(���š�Z�����•���ó�ð���l�������o�������i���š����
�W�µ�u�]�������]�v�����v�Ç���}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���]�v���]�����š���•���(�}�Œ�u���š�]�}�v�������P���v�������(�}�Œ�����•�ó�ð���l���U�����v�����~�î�•���š�Z�������]�(�(���Œ���v�š�]���o��
�š�Z�]���l�v���•�•���•���}�(���š�Z�������µ�Œ�]�������•�}�]�o�•���•�µ�P�P���•�š���������}�u�‰�o�]�����š�������Z�]�•�š�}�Œ�Ç���}�(�����Œ�}�•�]�}�v�����v�����‰�Œ���•���Œ�À���š�]�}�v�����v�����š�Z�����•�š�Œ�}�v�P��
�‰�Œ�}�������]�o�]�š�Ç���š�Z���š�����Œ�}�•�]�}�v���o���P���‰�•�������š�Á�����v���•�}�]�o�•���]�•���o�]�l���o�Ç�X��

�^�]�š�������W�����d�Z�����•�µ�Œ�(���������•�}�]�o�•���]�v���d�Œ���v���Z���•���í�����v�����î�������v�����������]�À�]���������]�v�š�}���P�Œ�}�µ�‰�•�X�����^���À���v���}�(���š�Z�������]�P�Z�š���•�}�]�o���‰�Œ�}�(�]�o���•��
���Œ�����o���•�•���š�Z���v���í�î�î�����u���������‰�����v�����}�v�����]�•���ï�ô�ï�����u���������‰���~�d�����o���•���î�U���ï�•�X�����d�Z�����•���À���v���š�Z�]�v�v���Œ���•�µ�Œ�(���������•�}�]�o�•�����Œ����
�o�}�����š���������]�š�Z���Œ�����o�}�v�P���µ�‰�‰���Œ�U���•�š�����‰���‰�}�Œ�š�]�}�v���}�(���š�Z�����š�Œ���v���Z�l�•�o�}�‰�����~���d�í�W�î�U�����d�í�W�ï�U�����d�î�W�ï�U�����d�î�W�ð�U�����d�î�W�ñ�V��
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�����š�Á�����v���r�í�X�ñ���u�����v�����ñ�X�í���u���Z�}�Œ�]�Ì�}�v�š���o�•���}�Œ�������}�µ�š���u�]���r�š�Œ���v���Z���~���d�î�W�í�U�����d�î�W�î�V���í�ó�X�ñ�����v�����ð�ì�X�ð���Z�}�Œ�]�Ì�}�v�š���o�•�X��
�d�Z���•�����•�}�]�o�•���Z���À�����‰�Œ�]�u���Œ�]�o�Ç���(�}�Œ�u�������]�v���o�]�P�Z�š�r���}�o�}�Œ���������}�o�o�µ�À�]�µ�u�������Œ�]�À�������(�Œ�}�u�����Æ�‰�}�•�����������v�����o�]���Œ���d�µ�(�(�X�����d�Z���•����
�•�}�]�o�•���Œ���v�P�����]�v�����P�����(�Œ�}�u���í�X�í���l�����~���d�í�W�ï�W���ì�X�ô�r�í�X�ï�l���•���š�}���í�ï���l�����~���d�î�W�í�W���í�ì�r�í�ò���l���•���~�d�����o�����ï�•�X�����d�Z���•�����•���À���v���•�}�]�o�•��
�Z���À�����u�}�����Œ���š���o�Ç�������À���o�}�‰�����������Z�}�Œ�]�Ì�}�v�•���~�o�}�Á���À���o�µ���l���Z�Œ�}�u���U���Á�����l�l�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç���š�}��
�P�Œ���v�µ�o���Œ���•�š�Œ�µ���š�µ�Œ���•�����v�����}�À���Œ�o�]�����Á�����l�o�Ç���š�}���u�}�����Œ���š���o�Ç�������À���o�}�‰���������Á���Z�}�Œ�]�Ì�}�v�•���~�í�ì�z�Z�r�ô�X�ó�ñ�z�Z���Z�µ���•�U��
�Á�����l�l�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç���•�š�Œ�µ���š�µ�Œ���•�X�����d�Z�����}�o�����•�š���•�µ�Œ�(���������•�}�]�o���~���d�î�W�í�U���•�í�ï���l���•���Z���•���Á�����l�o�Ç��
�����À���o�}�‰���������š���Z�}�Œ�]�Ì�}�v�•���~�í�ì�z�Z���Z�µ���•�U���Á�����l�l�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç���•�š�Œ�µ���š�µ�Œ���•���Á�]�š�Z�����Œ�P�]�o�o���v�•��
���•�•�}���]���š�������Á�]�š�Z���o���u���o�o���X�����d�Z�����}�À���Œ���o�o�������P�Œ�������}�(���•�}�]�o�������À���o�}�‰�u���v�š�����v�����š�Z�����Œ���v�P�����}�(���W���/�����P�������•�š�]�u���š���•��
�•�µ�P�P���•�š���š�Z���š���š�Z���•�����•�}�]�o�•���‰�Œ�}�������o�Ç���(�}�Œ�u���������µ�Œ�]�v�P���š�Z�����,�}�o�}�����v���X������

�d�Z�����}�o�����•�š���•�µ�Œ�(���������•�}�]�o���]�v���š���Œ�u�•���}�(���W���/�����P�������•�š�]�u���š���•���]�•�����d�í�W�í���]�•�������������‰���~�ï�ô�ï�����u�•���‰�Œ�}�(�]�o�����Á�]�š�Z�����v��
���•�š�]�u���š���������P�����}�(���ï�ï���l�����~�î�ñ�r�ð�í���l���•�X�����d�Z�]�•���•�}�]�o���Z���•���(�}�Œ�u�������]�v���u�]�Æ�������•���v���Ç�r�P�Œ���À���o�����}�o�o�µ�À�]�µ�u�X�����d�Z�������d�í�W�í���Z���•��
�������µ�u�u�µ�o�]�����‰�Œ�}�(�]�o�����Á�]�š�Z�������š�Z�]���l�������Z�}�Œ�]�Ì�}�v���•���‹�µ���v�������~�o�}�Á���À���o�µ���l���Z�Œ�}�u���U���Á�����l�l�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ��
���o�}���l�Ç���š�}���P�Œ���v�µ�o���Œ���•�š�Œ�µ���š�µ�Œ���•���}�À���Œ�o�Ç�]�v�P�������š�Z�]���l���•���‹�µ���v�������}�(�����Á�����v�������š���Z�}�Œ�]�Ì�}�v�•���~�í�ì�z�Z�r�ô�X�ó�ñ���z�Z���Z�µ���•�U��
�Á�����l�l�u�}�����Œ���š�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç���•�š�Œ�µ���š�µ�Œ���•�X�����d�Z�������š���Z�}�Œ�]�Ì�}�v�•�����}�v�š���]�v�������µ�v�����v�š�����Œ�P�]�o�o���v�•�����•�•�}���]���š������
�Á�]�š�Z���o���u���o�o���X������

�d�Z�������µ�Œ�]�������•�}�]�o�•�����š���^�]�š�����������}�v�•�]�•�š���}�(���•���‹�µ���v�����•���}�(���Á�����l�o�Ç�r���š�}���u�}�����Œ���š���o�Ç�r�����À���o�}�‰���������š���Z�}�Œ�]�Ì�}�v�•�X�����^�}�]�o��
���}�o�}�Œ�•���u�}�•�š�o�Ç���Z���À�����ó�X�ñ�z�Z���š�}���ñ�z�Z���Z�µ���•�U���Á�]�š�Z�������(���Á���Z�}�Œ�]�Ì�}�v�•���Á�]�š�Z���ò�X�î�ñ���}�Œ���ñ���z�Z���Z�µ���•���~�d�����o�����î�•�X���^�}�]�o���•�š�Œ�µ���š�µ�Œ����
�]�•���P���v���Œ���o�o�Ç���‰�Œ�]�•�u���š�]�����‰���Œ�š�]�v�P���š�}�����v�P�µ�o���Œ�����v�����•�µ�����v�P�µ�o���Œ�����o�}���l�Ç�U�����v�������Œ�P�]�o�o���v�•���}�����µ�Œ�����•���o�]�v�]�v�P���‰�}�Œ���•�U��
���}���š�]�v�P���(�Œ���P�u���v�š�•�����v�����‰�����(�������•�U�����v�������•���o���u���o�o���X�����d�Z�����W���/�����P���•���}�(���š�Z���������•���o�����µ�Œ�]�������•�}�]�o�•���~���Æ�����‰�š�����d�î�W�ð�U��
���d�î�W�ñ�����µ�����š�}���•�Z���o�o�}�Á���������Œ�}���l�����}�v�š�����š�•���Œ���v�P�����]�v�����P�����(�Œ�}�u���ï�ó���l�����~���d�î�W�ï�W���î�ô�r�ð�ò���l���•���š�}���í�ì�ð���l�����~���d�î�W�í�W���ó�ô�r
�í�ï�ì���l���•���~�d�����o�����ï�•�X�����d�Z�����‰�Œ���•���v�������}�(���š�Z�������o�������i���š�����‰�µ�u�]���������š���š�Z���������•�����}�(���š�Z�������d�í�W�î���~�ñ�ô�r�õ�ó���l���•�U�����d�î�W�í���~�ó�ô�r
�í�ï�ì���l���•�U�����v�������d�î�W�î���~�ð�í�r�ò�õ���l���•���‰�Œ�}�(�]�o���•���]�v���]�����š�����š�Z���š���š�Z���•�����•�}�]�o�•���‰�Œ�}�(�]�o���•�����Œ�����Ç�}�µ�v�P���Œ���š�Z���v���•���ó�ð���l���X�����d�Z����
�Á�]�������Œ���v�P�����}�(�����P���•���(�}�Œ���š�Z���•�����š�Z�Œ�������•�}�]�o�•���]�•���o�]�l���o�Ç�����µ�����š�}���‰�Œ�}�(�]�o���•���š�Z���š�����Œ�����š�Z�]���l���~�ï�í�í���š�}���ð�ì�ð�����u�•�����v����
�À���Œ�]���š�]�}�v�•���]�v���‰���Œ���v�š���u���š���Œ�]���o���š�Z���š�����Œ�����v�}�š���������‹�µ���š���o�Ç�����•�•�]�P�v���������µ�Œ�]�v�P�������o���µ�o���š�]�}�v���}�(���š�Z�����W���/�����P����
���•�š�]�u���š���•�X�����d�Z�����µ�‰�‰���Œ���}�Œ���o�}�Á���Œ���W���/�����P�����Œ���v�P���•�����Œ�������o�}�•�����}�Œ���}�À���Œ�o���‰���Á�]�š�Z���š�Z�����•�ó�ð���l�������P�����}�(���š�Z�������o�������i���š���X����
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�d�Z�����•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v�������À���o�}�‰�������µ�•�]�v�P���������}�u���]�v���š�]�}�v���}�(���š�Z�����î�ñ�������š�������•�}�]�o�•���(�Œ�}�u���š�Z�����>�}�•�����o���u�}�•�����Œ������
�‰�Œ�}�À�]�����•���Œ�����•�}�v�����o�����u���š�Z�}�����(�}�Œ���‰�Œ�}�À�]���]�v�P�������o�]���Œ���š���������P���•���(�}�Œ���•�š�Œ���š�]�P�Œ���‰�Z�]�����µ�v�]�š�•���]�����v�š�]�(�]���������š���š�Œ���v���Z��
�^�]�š���•�����U�����U�����v�������X���d�Z�����•�}�]�o�r�����•���������P���•�������š���Œ�u�]�v�������(�}�Œ���•�}�]�o�r�•�š�Œ���š�]�P�Œ���‰�Z�]�����µ�v�]�š�•�����š���������Z���š�Œ���v���Z���•�]�š�������Œ����
�Œ�����•�}�v�����o�����P�]�À���v�����µ�Œ�Œ���v�š���l�v�}�Á�o�����P�����}�(���•�}�]�o���(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•���]�v���•���u�]���Œ�]�����š�}���•�µ���Z�µ�u�]�����Œ���P�]�}�v�•���]�v���š�Z����
�Á���•�š���Œ�v���h�^�X�����D�µ�o�š�]�‰�o�����•�š�µ���]���•���Z���À�����P���v���Œ���o�o�Ç���•�Z�}�Á�v���š�Z���š���•�}�]�o�•���Œ���o���š�������š�}���~�í�•���,�}�o�}�����v�������P�����•�µ�Œ�(�������•���~���}�š�Z��
���}�o�o�µ�À�]�µ�u�����v�����š���Œ�Œ�������•�•���š�Ç�‰�]�����o�o�Ç���Z���À�����Á�����l���š�}���u�}�����Œ���š�������Á���Z�}�Œ�]�Ì�}�v�•�����v�����}�������•�]�}�v���o�o�Ç���À���Œ�Ç���Á�����l�����š��
�Z�}�Œ�]�Ì�}�v�•�U���~�î�•���o���š���•�š���W�o���]�•�š�}�����v�������P�����•�µ�Œ�(�������•���š�Ç�‰�]�����o�o�Ç���Z���À�����Á�����l���š�}���u�}�����Œ���š���o�Ç�������À���o�}�‰���������š���Z�}�Œ�]�Ì�}�v�•�U��
���v�����~�ï�•���o���š�����š�}���u�]�����o�����W�o���]�•�š�}�����v�������P�����•�µ�Œ�(�������•���š�Ç�‰�]�����o�o�Ç���Z���À�����u�}�����Œ���š���o�Ç���š�}���•�š�Œ�}�v�P�o�Ç�������À���o�}�‰���������š��
�Z�}�Œ�]�Ì�}�v�•�X���d�Z�����•�}�]�o�•���(�}�Œ�u�������}�v���š�Z�����š���Œ�Œ�������•���]�v���Z���v���]�i���������v�Ç�}�v���(�}�o�o�}�Á���š�Z�]�•�������•�]�����‰���š�š���Œ�v�X�����/�v���Œ�����•�]�v�P��
���}�v�(�]�����v�������]�v���µ�•�]�v�P���š�Z�����^���/�����‰�‰�Œ�}�����Z���Á�]�o�o���Œ���‹�µ�]�Œ�����š�Z���š�����]�š�Z���Œ�����Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(���������]�š�]�}�v���o�������š�������•�}�]�o�•���]�v��
�š�Z�����>�}�•�����o���u�}�•�����Œ���������v���l�}�Œ�����‰�‰�o�]�����š�]�}�v���}�(���}�š�Z���Œ�������š�]�v�P���š�����Z�v�]�‹�µ���•���š�Z���š�������v���������•�µ�������•�•�(�µ�o�o�Ç�����‰�‰�o�]�������š�}��
�o�}�P�P�������š�Œ���v���Z���µ�v�]�š�•�X��
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�E�����Œ�o�Ç�����o�o���}�(���š�Z�����‰�Œ�}�(�]�o���•���Z���À���������•�µ�Œ�(���������•�}�]�o�����v�����}�v�����}�Œ���u�}�Œ�������µ�Œ�]�������•�}�]�o�•�X���^�µ�Œ�(���������•�}�]�o�•�����Œ�����Á�����l�o�Ç��
�����À���o�}�‰���������v�����W���/�����P�������•�š�]�u���š���•���•�µ�P�P���•�š�•���š�Z���š�����o�o���}�(���š�Z�����•�µ�Œ�(���������•�}�]�o�•�����Œ�����D�í�ì�r�í�ñ���l���X�������µ�Œ�]�������•�}�]�o�•��
�����À���o�}�‰�������]�v�����}�o�o�µ�À�]�µ�u�����š���^�]�š���•���������v�����������Œ�����u�}�����Œ���š���o�Ç���š�}���•�š�Œ�}�v�P�o�Ç�������À���o�}�‰���������v�����u�}�•�š���Z���À�����W���/�����P���•���D��
�ò�ì�l�����~�^�]�š�������•�����v�����D�í�ò�ì�l�����~�^�]�š�������•�V���Z�}�Á���À���Œ���u���v�Ç���}�(���š�Z���•�������P���•�����Œ�����o�]�l���o�Ç���u�]�v�]�u�µ�u�����P���•�����µ�����š�}���u�]�•�•�]�v�P��
�•�}�]�o�����v���������‰�}�•�]�š���•�š�Œ���š�]�P�Œ���‰�Z�Ç�X��

�������� �/�,�0�,�7�$�7�,�2�1�6��
�d�Z�����‰�Œ�]�v���]�‰���o���o�]�u�]�š���š�]�}�v���]�v�����‰�‰�o�]�����š�]�}�v���}�(���š�Z�����^���/�����‰�‰�Œ�}�����Z���š�}�������o���µ�o���š�������P�������•�š�]�u���š���•���(�}�Œ���•�µ�Œ�(�����������v����
���µ�Œ�]�������•�}�]�o���•�š�Œ���š�]�P�Œ���‰�Z�Ç���]�•���š�Z���š���š�Z�����^���/�����‰�‰�Œ�}�����Z���]�•�������•���u�]�r�‹�µ���v�š�]�š���š�]�À�����u���š�Z�}�����}�(���š�Œ���v�•�(�}�Œ�u�]�v�P�����Æ�‰���Œ�š�r
�����•�������}���•���Œ�À���š�]�}�v�•���}�(���(�]���o�����‰�Œ�}�‰���Œ�š�]���•���}�(���•�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç�����v�����•�š�Œ���š�]�P�Œ���‰�Z�Ç���]�v�š�}�������•�]�u�‰�o�����v�µ�u���Œ�]�����o��
���‹�µ���š�]�}�v���(�}�Œ�������À���o�}�‰�]�v�P���•�}�]�o�����P���•�������•�������}�v���Œ�����]�}�u���š�Œ�]���r�����•�����������o�]���Œ���š�]�}�v���}�(�������š�������•�}�]�o�•�X���d�Z�����Œ���•�µ�o�š�]�v�P��
���P���•�����Œ���������Œ�š���]�v�o�Ç�������P�}�}�����u�����•�µ�Œ�����}�(���Œ���o���š�]�À�������P�����Œ���o���š�]�}�v�•�����µ�š���]�š���]�•�����µ�Œ�Œ���v�š�o�Ç�����]�(�(�]���µ�o�š���š�}�����•�����Œ�š���]�v���š�Z����
�š�Œ�µ�����o���À���o���}�(���������µ�Œ�����Ç�����v�����‰�Œ�����]�•�]�}�v���}�(���š�Z���•�������P�������•�š�]�u���š���•�����•�����‰�‰�o�]�������š�}���š�Z�����‰���o���}�•���]�•�u�]�����Z���Ì���Œ����
�]�v�À���•�š�]�P���š�]�}�v�•�X�����v���������]�š�]�}�v���o���o�]�u�]�š���š�]�}�v���]�•���š�Z���š���]�v���u���v�Ç�������•���•���š�Z�����W���/�����P�������•�š�]�u���š���•���(�}�Œ���u���v�Ç���}�(���š�Z����
���µ�Œ�]�������•�}�]�o�•�����Œ�����u�}�•�š���o�]�l���o�Ç���u�]�v�]�u�µ�u�����P���•�����µ�����š�}���š�Z�����‰�}�•�•�]���]�o�]�š�Ç���š�Z���š���}�À���Œ�o�Ç�]�v�P���•�š�Œ���š�]�P�Œ���‰�Z�]�����µ�v�]�š�•���u���Ç��
�Z���À�����������v���Œ���u�}�À���������Ç�����Œ�}�•�]�}�v�U���Ç�]���o���]�v�P�����P�������•�š�]�u���š���•���š�Z���š�����Œ�����š�}�}���Ç�}�µ�v�P�����������µ�•�����š�Z�����}�À���Œ�o�Ç�]�v�P���•�}�]�o��
�•�š�Œ���š�]�P�Œ���‰�Z�Ç���]�•���v�}�š���������}�µ�v�š�������(�}�Œ���]�v���š�Z�����W���/�����P���•�X�����d�Z�����(�]�v���o���o�]�u�]�š���š�]�}�v���š�}���v�}�š�����]�•���š�Z���š���š�Z�����d���E���E���î�í�����P���•��
���Œ���������•�������}�v���}�o�����Œ���E���î�í���‰�Œ�}���µ���š�]�}�v�•���Œ���š���•���~�(�Œ�}�u���í�õ�õ�ô�•�����v�����‰�Œ�}���µ���š�]�}�v���Œ���š���•���Z���À�����������v���Œ�������o���µ�o���š��������
�•�]�v�������š�Z���v�X�����,�]�P�Z���Œ���}�Œ���o�}�Á���Œ���‰�Œ�}���µ���š�]�}�v���Œ���š���•���Á�]�o�o�����}�Œ�Œ���•�‰�}�v���]�v�P�o�Ç���������Œ�����•�����}�(���]�v���Œ�����•�����š�Z���������‰�š�Z���‰�Œ�}�(�]�o����
���P���•�X�����d�Z�����•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���µ�•�������]�v���š�Z�]�•���•�š�µ���Ç���Á���•�����}�u���]�v�������Á�]�š�Z�������Œ�������v�š�o�Ç�������À���o�}�‰������
���Z�Œ�}�v�}�(�µ�v���š�]�}�v���(�}�Œ���š�Z�����,���š�����Œ�����l�����Œ�������v�����Œ���D�}�µ�v�š���>���•�•���v���~�D�����}�v���o���U���î�ì�í�ð�U���î�ì�í�ó�•�X�����d�Z�����•�}�]�o��
���v�À�]�Œ�}�v�u���v�š�������š�Á�����v���š�Z�����•�]�š���•���]�•���P���v���Œ���o�o�Ç���•�]�u�]�o���Œ���•�µ�‰�‰�}�Œ�š�]�v�P���š�Z�����]�v�š���P�Œ���š�]�}�v���}�(���š�Z�����š�Á�}���•�}�]�o��
���Z�Œ�}�v�}�•���‹�µ���v�����•�X�����d�Z�����Z���v���]�i���������v�Ç�}�v���•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v�������š�����~�D�����}�v���o���U�����š�����o�X�U���í�õ�õ�ò�V���W�Z�]�o�o�]�‰�•�U�����š�����o�X�U��
�í�õ�õ�õ�•���(�]�š���À���Œ�Ç���Á���o�o���Á�]�š�Z���š�Z�����Œ�������v�š�o�Ç�����v�����Á���o�o�r�����š�������,���š�����Œ�����l���•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���•�µ�P�P���•�š�]�v�P���š�Z���š���š�Z����
���Z�Œ�}�v�}�(�µ�v���š�]�}�v���µ�•�������]�v���š�Z�]�•���•�š�µ���Ç���]�•���‰�Œ�}�À�]���]�v�P���Œ�����•�}�v�����o�����W���/�����P�������•�š�]�u���š���•�X������

� � � �
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���]�Œ�l���o���v���U���W�X�t�X�U���í�õ�õ�õ�U���^�}�]�o�•�����v�����'���}�u�}�Œ�‰�Z�}�o�}�P�Ç�U���K�Æ�(�}�Œ�����h�v�]�À���Œ�•�]�š�Ç���W�Œ���•�•�U���ð�ï�ì���‰�‰�X��
�,���Œ�����v�U�� �:�X�t�X�U���í�õ�ô�î�X�� ���� �‹�µ���v�š�]�š���š�]�À���� �]�v�����Æ���}�(�� �•�}�]�o�������À���o�}�‰�u���v�š�� �(�Œ�}�u�� �(�]���o���� �����•���Œ�]�‰�š�]�}�v�•�W�� ���Æ���u�‰�o���•�� �(�Œ�}�u�� ����

���Z�Œ�}�v�}�•���‹�µ���v�������]�v�������v�š�Œ���o�������o�]�(�}�Œ�v�]���X���'���}�����Œ�u���U���î�ô�~�í�•�U���‰�‰�X�í�r�î�ô�X��
�,���Œ�����v�U�� �:�X�t�X�� ���v���� �d���Ç�o�}�Œ�U�� ���X�D�X�U�� �í�õ�ô�ï�X�� ���� �‹�µ���v�š�]�š���š�]�À���� ���}�u�‰���Œ�]�•�}�v�� �}�(�� �•�}�]�o�� �����À���o�}�‰�u���v�š�� �]�v�� �(�}�µ�Œ�� ���o�]�u���š�]����

�Œ���P�]�u���•�X���Y�µ���š���Œ�v���Œ�Ç���Z���•�����Œ���Z�U���î�ì�~�ï�•�U���‰�‰�X�ï�ð�î�r�ï�ñ�õ�X��
�D�����}�v���o���U�����X���s�X�U���Z���v�����µ�U���^�X���>�X�U�����v�����'���Œ���v���Œ�U���:�X���E�X�U���í�õ�õ�ò�U���^�}�]�o�r�(�}�Œ�u�]�v�P���‰�Œ�}�����•�•���•���}�v���š�Z�����W���i���Œ�]�š�}���W�o���š�����µ�W��

� /� v� À� �� •� š� ]� P� �� š� ]� }� v� � � }� (� � � �� � � •� }� ]� o� � � �� Z� Œ� }� v� }� •� �� ‹� µ� �� v� �� �� � � ]� v� � � Z� �� v� �� ]� i� �� � � �� �� v� Ç� }� v� W� � � E� �� Á� � � D���Æ�]���}�� �'���}�o�}�P�]�����o�� �^�}���]���š�Ç�U��
�'�µ�]�������}�}�l�U���‰�X���ï�ò�ó�r�ï�ó�ð�X��

�D�����}�v���o���U�� ���X�s�X�U�� �í�õ�õ�õ�U�� �^�}�]�o�� �•�š�Œ���š�]�P�Œ���‰�Z�Ç�� ���v���� �‰�����}�o�}�P�]���� ���P���� ���•�š�]�u� �� š� �� •� � � (� }� Œ� � � •� �� ]� •� u� ]� �� � � Z� �� Ì� �� Œ� �� •� � � š� Œ� �� v� �� Z� �
�]�v�À���•�š�]�P���š�]�}�v�•�W���^�µ�u�u���Œ�Ç�����v�����]�v�š���Œ�‰�Œ���š���š�]�}�v���}�(���Œ���•�µ�o�š�•���(�Œ�}�u���&�z���í�õ�õ�ó�����v�����í�õ�õ�ô�U���&�]�v���o���Œ���‰�}�Œ�š���•�µ���u�]�š�š������
�š�}���>�}�•�����o���u�}�•���E���š�]�}�v���o���>�����}�Œ���š�}�Œ�Ç���^���]�•�u�]�����,���Ì���Œ�����W�Œ�}�P�Œ���u�U���ô�ò���‰�X��

�D�����}�v���o���U�����X�U���î�ì�í�ð�U���W�����}�o�}�P�]�������P�������•�š�]�u���š���•���(�}�Œ���W���o���}�•���]�•�u�]�����/�v�À���•�š�]�P���š�]�}�v���}�(���&���µ�o�š���ï�ð�ï�î�W���Z���•�µ�o�š�•���(�Œ�}�u��
�î�ì�í�ï���W�}�Á���Œ���>�]�v���U�������v�Ç�}�v���Z�]�u�U�����v�����>�}�Á���Œ���Z�}�������š�Œ���v���Z���•�]�š���•�U���W�]�š���ï�������u���'���}�o�}�P�]�����/�v�À���•�š�]�P���š�]�}�v�U��
�^�Z���•�š�������}�µ�v�š�Ç�U�������o�]�(�}�Œ�v�]���V���‰�Œ���‰���Œ�������(�}�Œ���>���š�š�]�•�����}�v�•�µ�o�š���v�š�•���/�v�š���Œ�v���š�]�}�v���o���/�v���X���µ�v�����Œ�����}�v�š�Œ�����š���E�}�X��
�î�ñ�ì�ì�ô�ì�ð�ï�ò�X����

�D�����}�v���o���U�����X�U���î�ì�í�ð�U���î�ì�í�ó�U���d�����Z�v�]�����o���/�v�(�}�Œ�u���š�]�}�v�����}���µ�u���v�š���E�}�X���ñ�W���&�]�v���o���^�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���h�•�������]�v��
�'���v���Œ���š�]�v�P���W���/�����P�������•�š�]�u���š���•���(�}�Œ���š�Z�����W���o���}�•���]�•�u�]�����/�v�À���•�š�]�P���š�]�}�v���}�(���&���µ�o�š���ï�ð�ï�î�W���W�]�š���ï�������u���'���}�o�}�P�]����
�/�v�À���•�š�]�P���š�]�}�v�U���^�Z���•�š�������}�µ�v�š�Ç�U�������o�]�(�}�Œ�v�]���V���‰�Œ���‰���Œ�������(�}�Œ���>���š�š�]�•�����}�v�•�µ�o�š���v�š�•���/�v�š���Œ�v���š�]�}�v���o���/�v���X���µ�v�����Œ���>���/��
�W�Œ�}�i�����š���í�ì�ì�ñ�X�ì�ô�ð���~�Z���À�����•�X��

�&�]�v���o���^�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���h�•�������]�v���'���v���Œ���š�]�v�P���W���/�����P�������•�š�]�u���š���•���(�}�Œ���š�Z�����W���o���}�•���]�•�u�]�����/�v�À���•�š�]�P���š�]�}�v���}�(��
�&���µ�o�š���ï�ð�ï�î�W���W�]�š���ï�������u���'���}�o�}�P�]�����/�v�À���•�š�]�P���š�]�}�v�U���^�Z���•�š�������}�µ�v�š�Ç�U�������o�]�(�}�Œ�v�]����

�W�Z�]�o�o�]�‰�•�U�� �t�X�D�X�U�� �D�����}�v���o���U�� ���X�s�X�U�� �Z���v�����µ�U�� �^�X�>�X�U�� ���v���� �W�}�š�Z�•�U�� �:�X�U�� �í�õ�õ�ô�U�� �����š�]�v�P�� �•�}�]�o�•�� ���v���� ���o�o�µ�À�]�µ�u�� �Á�]�š�Z��
���}�•�u�}�P���v�]�����î�í�E���������‰�š�Z���‰�Œ�}�(�]�o���•�W�������•�����•�š�µ���]���•���(�Œ�}�u���š�Z�����W���i���Œ�]�š�}���W�o���š�����µ�U���E���Á���D���Æ�]���}�U���h�^���W�������Œ�š�Z�����v����
�W�o���v���š���Œ�Ç���^���]���v�������>���š�š���Œ�•�U���í�ò�ì���~�í�r�î�•�W���î�ì�õ�r�î�î�ï�X��

�Z���v�����µ�U�� �^�X�>�X�U�� �î�ì�ì�ì�X�� �^�š�Œ�����u�� �]�v���]�•�]�}�v�� ���v���� �š���Œ�Œ�������� �����À���o�}�‰�u���v�š�� �]�v���&�Œ�]�i�}�o���•�� �����v�Ç�}�v�U�� �����v�����o�]���Œ�� �E���š�]�}�v���o��
�D�}�v�µ�u���v�š�U�� �E���Á�� �D���Æ�]���}�U�� ���v���� �š�Z���� �]�v�(�o�µ���v������ �}�(�� �o�]�š�Z�}�o�}�P�Ç�� ���v���� ���o�]�u���š���X�� �'���}�u�}�Œ�‰�Z�}�o�}�P�Ç�U�� �ï�î�~�í�r�î�•�U��
�‰�‰�X�í�ó�í�r�í�õ�ï�X��

�^�}�]�o���^�µ�Œ�À���Ç���^�š���(�(�U���í�õ�õ�ô�U���^�}�]�o���^�µ�Œ�À���Ç���D���v�µ���o�X���h�^�������,���v�����}�}�l�����]�P�Z�š�Z�������]�š�]�}�v�U���^�}�]�o�����}�v�•���Œ�À���š�]�}�v���^���Œ�À�]�����U���h�^��
�'�}�À���Œ�v�u���v�š���W�Œ�]�v�š�]�v�P���K�(�(�]�����U���t���•�Z�]�v�P�š�}�v�U�������X��

�d���Ç�o�}�Œ�U�� ���X�U�� �í�õ�ô�ô�U�� �/�v�•�š�Œ�µ���š�]�}�v�•�� �(�}�Œ�� �š�Z���� �•�}�]�o�� �����À���o�}�‰�u���v�š�� �]�v�����Æ�� �š���u�‰�o���š���W�� �>�K�d�h�^�� �í�r�î�r�ï�V�� �‰�Œ���‰���Œ������ �]�v��
���}�}�‰���Œ���š�]�}�v���Á�]�š�Z���š�Z�����E���À���������K�‰���Œ���š�]�}�v�•���K�(�(�]�����U���h�X�^�X�������‰���Œ�š�u���v�š���}�(�����v���Œ�P�Ç�X��

�•�]�u�u���Œ���Œ�U�� �D�X�:�X�U���>���(�(���Œ�š�Ç�U���:�X�� ���v���� ���}���o���U�� �D�X���X�U���î�ì�í�ò�X�� �d�Z���� ���Œ�µ�‰�š�]�À���� ���v���� �u���P�u���š�]���� �Z�]�•�š�}�Œ�Ç���}�(�� �š�Z���� �Ç�}�µ�v�P���•�š��
�‰�µ�o�•���� �}�(�� �À�}�o�����v�]�•�u�� ���š�� �š�Z���� �s���o�o���•�� �����o�����Œ���W�� �/�u�‰�o�]�����š�]�}�v�•�� �(�}�Œ�� �•�µ�������•�•�(�µ�o�o�Ç�� �����š�]�v�P�� �o���š���� �Y�µ���š���Œ�v���Œ�Ç��
���Œ�µ�‰�š�]�}�v�•�X���:�}�µ�Œ�v���o���}�(���s�}�o�����v�}�o�}�P�Ç�����v�����'���}�š�Z���Œ�u���o���Z���•�����Œ���Z�U���ï�í�ì�U���‰�‰�X�ñ�ì�r�ñ�ó�X��
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�&�]�P�µ�Œ�����í�W���^���Z���u���š�]�������]���P�Œ���u���}�(�����}�u�]�v���v�š���•�}�]�o���u�}�Œ�‰�Z�}�o�}�P�Ç���}�(���•�}�]�o���‰�Œ�}�(�]�o���•���(�}�Œ�u�������}�v���(�}�µ�Œ���}�(���š�Z�����š���Œ�Œ�������•���]�v���Z���v���]�i����
�����v�Ç�}�v�X���^���‹�µ���v�������Œ���‰�Œ���•���v�š�•���•�Ç�•�š���u���š�]�����]�v���Œ�����•���•���]�v�������Z�}�Œ�]�Ì�}�v�������À���o�}�‰�u���v�š�����v�����š�Z�]���l�v���•�•�U�����•�‰�����]���o�o�Ç��
�����À���o�}�‰�u���v�š���}�(���•�š�Œ�µ���š�µ�Œ�������v�������Œ�P�]�o�o���v�•�����o�}�v�P���‰�����(�������•�����v�����‰�}�Œ���•�X���^�Ç�u���}�o�•���(�}�Œ�������µ�v�����v�������}�(�����µ�š���v�•���~���Œ�P�]�o�o���v�•�•���}�v��
�‰�����(�������•���Œ���‰�Œ���•���v�š�����]�š�Z���Œ���v�����Œ�o�Ç�r���}�v�š�]�v�µ�}�µ�•���~�v���•���š�}���u���v�Ç���}�Œ���(���Á���š�}�����}�u�u�}�v�X���&�Œ�}�u���D�����}�v���o�������š�����o���~�í�õ�õ�ò�•�X��

�&�]�P�µ�Œ�����î�W���^�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v���µ�•�������š�}���P���v���Œ���š�����•�}�]�o���W���/�����P�������•�š�]�u���š���•���(�}�Œ���•�}�]�o���•�š�Œ���š�]�P�Œ���‰�Z�Ç�����š���š�Œ���v���Z���•�]�š���•�����U�����U�����v����
���X�����'�Œ�����v�����]�Œ���o���•�����Œ�����•�}�]�o�•�������À���o�}�‰�������}�v���(�o�µ�À�]���o���š���Œ�Œ�������•���]�v���Z���v���]�i���������v�Ç�}�v�V���Œ���������]�Œ���o���•�����Œ�����•�}�]�o�•�������À���o�}�‰�������]�v���š�Z�������o��
�����i���š�����‰�µ�u�]�����X�����^�}�o�]�������o�����l���o�]�v�����]�•���š�Z�����•�o�}�‰�����}�(���š�Z�������Z�Œ�}�v�}�(�µ�v���š�]�}�v�U���š�Z���������•�Z���������o�����l���o�]�v���•�����Œ�����š�Z�����õ�ñ�9�����}�v�(�]�����v������
�]�v�š���Œ�À���o�X��
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�^�}�]�o���^�]�š����
�E�µ�u�����Œ

�W���/���s���o�µ��
�����‰�}�•�]�š�����P������������������

�~�Ç�Œ�•�•
���P�����Z���v�P�����F���í���¿����

�~�Ç�Œ�•�•
�����š�]�v�P��

�d�����Z�v�]�‹�µ��

�Y�š�ô �Z���d�ô�r�í �ð�X�ñ �õ�ï�ì �ñ�ì �� �í�ð

�Z���d�ô�r�ï �ñ�X�î �õ�ï�ì �ñ�ì �� �í�ð

�Z���d�ô�r�ñ �ò�X�ð �í�î�í�ì �ì ���í�ð

�Y�š�ó �Z���d�ó�r�í �ò�X�ì �ï�ð�ï�ì �î�ì �� �í�ð

�Z���d�ó�r�ð �ò�X�î �î�ï�ï�ì �ì ���í�ð

�Z���d�ó�r�ó �ò�X�ì �ï�ò�ô�ì �ì ���í�ð

�Z���d�ó�r�ô �ó�X�ô �ï�ò�ô�ì �ì ���í�ð

�Z���d�ó�r�ñ �ó�X�ô �î�ï�ñ�ñ �ì ���í�ð

�Y�š�ò �Z���d�ò�r�í �í�ð�X�ñ �ó�ó�í�ì �í�ò�ñ ���í�ð

�Z���d�ò�r�î �í�ï�X�í �ò�ì�ô�ì �ô�ì �� �í�ð

�Z���d�ò�r�ï �í�ñ�X�í �ñ�ô�ì�ì �ñ�ì �� �í�ð

�Y�š�ð �Z���d�ð�r�í �ñ�ô�X�ñ �ò�ï�ì�ì�ì �ô�ì�ì�ì �d���E���E���î�í

�Z���d�ð�r�î �ñ�ò�X�î �ò�ï�ì�ì�ì �ô�ì�ì�ì �d���E���E���î�í

�Z���d�ð�r�ï �ò�ï�X�ï �ò�ï�ì�ì�ì �ô�ì�ì�ì �d���E���E���î�í

�Z���d�ð�r�ð �ò�î�X�ò �ò�ï�ì�ì�ì �ô�ì�ì�ì �d���E���E���î�í

�Z���d�ð�r�ñ �ò�î�X�ì �ò�ï�ì�ì�ì �ô�ì�ì�ì �d���E���E���î�í

�Y�š�î �Z���d�î�r�í �ô�î�X�í �í�ð�ð�ì�ì�ì �í�ó�ì�ì�ì �d���E���E���î�í

�Z���d�î�r�î �í�ì�ñ�X�ð �í�ð�ð�ì�ì�ì �í�ó�ì�ì�ì �d���E���E���î�í

�Z���d�î�r�ï �õ�í�X�ñ �í�ð�ð�ì�ì�ì �í�ó�ì�ì�ì �d���E���E���î�í

�Z���d�î�r�ð �ô�ó�X�ó �í�ð�ð�ì�ì�ì �í�ó�ì�ì�ì �d���E���E���î�í

�Z���d�î�r�ñ �ó�õ�X�õ �í�ð�ð�ì�ì�ì �í�ó�ì�ì�ì �d���E���E���î�í

�t�:�Z�r�ñ �ó�ñ�X�ó �ó�ð�ì�ì�ì �ñ�ì�ì�ì �ð�ì���Œ�l�ï�õ���Œ

�t�:�Z�r�õ�r�õ�ó �ð�ð�X�ì �ó�ð�ì�ì�ì �ñ�ì�ì�ì �ð�ì���Œ�l�ï�õ���Œ

�t�:�Z�r�õ�r�õ�ò �ñ�ô�X�í �ó�ð�ì�ì�ì �ñ�ì�ì�ì �ð�ì���Œ�l�ï�õ���Œ

�t�:�Z�r�í�ì �ð�õ�X�ô �ó�ð�ì�ì�ì �ñ�ì�ì�ì
�ð�ì���Œ�l�ï�õ���Œ

�^�}�]�o�•���(�}�Œ�u�������}�v���(�o�µ�À�]���o���š���Œ�Œ�������•���]�v���Z�����]�i���������v�Ç�}�v

�^�}�]�o�•���(�}�Œ�u�������]�v���š�Z�������o�������i���š�����W�µ�u�]����

�d�����o�����í�W�����^�}�]�o���•�š�Œ���š�]�P�Œ���‰�Z�Ç�����v�������•�•�}���]���š���������P���•���µ�•�������]�v���š�Z�����•�}�]�o�����Z�Œ�}�v�}�(�µ�v���š�]�}�v�X�������P���•�����Œ����
�(�Œ�}�u���D�����}�v���o�������š�����o�X���~�í�õ�õ�ò�•�����v�����W�Z�]�o�o�]�‰�•�����š�����o���~�í�õ�õ�ô�•�X��
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�/�R�Z�H�U��
�'�H�S�W�K����������
���F�P��

�*�U�D�Y�H�O�E �'�U�\�����&�R�O�R�U��
���0�D�W�U�L�[��

�0�R�L�V�W�����&�R�O�R�U��
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�'�U�\ �0�R�L�V�W �:�H�W
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�î�����š���í �î�ô ����
���í �î���š���í �ð�ó ���o�µ���l���o�����l�����š���ð�ó�����u�� �í�ï�X�ò �ó �ñ �ô

�ï���š�í���î �ñ�ô ����
�ï���š�î���î �ô�î ����

���î �ï���š�ï���î �í�ì�î ���o�µ�������š���í�ì�î�����u �î�ò�X�ð �î�ì �í�ñ �î�ñ
�Z �í�î�î ����
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�^���d�î�r�ñ �î�ï�X�ð�ñ���u���� ���í �ó ����
�~�E���Á���o�o�• ���î �í�ð ����

���ì ���� �î�ð �î�X�ò �ì�X�ñ �ì�X�ï �ì�X�ò
�î�����š���í �ð�í ����

���í �î���š���í �ñ�ð �í�ï�X�ó �ó �ñ �õ
�^���d�î�r�ò ���í �ñ ����

�í�õ�X�í���u���� ���ì ���î �í�ì �Ç���o�o�}�Á�����š���í�ì�����u �í�X�ñ �ì�X�î �ì�X�í �ì�X�î
�~�^���Á���o�o�• �î���š�í���í �î�õ ����

���í �î���š�î���í �ñ�î ���o�µ���l���o�����l�����š���ñ�î�����u �í�ò�X�ò �õ �ó �í�î
�ï���š�í���î �ó�î ����
�ï���š�î���î �ô�õ ����
�ï���š�ï���î �í�ì�ó ����
�ï���š�ð���î �í�î�ñ �>�>�����š���í�ï�ñ�����u ����
�ï���š�ñ���î �í�ò�î �‰�]�v�l�l�‰�µ�Œ�‰�o�������š���í�ò�î�����u ����

���î �ï���š�ò���î �î�ì�ï �‰�µ�Œ�‰�o�������š���î�ì�ï�����u �ð�î�X�ô �ð�ð �ï�ï �ñ�ð
�ï���š�í���ï �î�ð�ô �o�š�����o�µ���l���o�����l�l�Á�Z�]�š�������š���î�ó�ð�����u

���ï �Z �î�ó�ð �ð�õ�X�ô �ñ�ò �ð�î �ó�ì

�^�,�����^�]�š������

���d�í�W�í �ì�X�ï���u �� �í�ì ������ ����
�^���Á���o�o ���� �î�í ������ ����

���Á�í �ï�ò ������ ����
���ì ���Á�î �ñ�ð �ó�X�ï �î�X�ð �í�X�ô �ï

�Z �ò�õ ������ ����
���d�í�W�î �ô�X�ð���u �� �ñ ������ ����

���� �í�î ������ ����
���ì ���Á �í�õ �Ç���o�o�}�Á�����š���í�õ�����u �î�X�ì �ì�X�ï �ì�X�î �ì�X�ð

���š�í���í �ï�ò �>�>�����š���ï�õ�����u ������ ����
���í ���š�î���í �ñ�ñ �Á�Z�]�š���l�Œ�������•�š�Œ�]�‰�������š���ñ�ñ�����u�í�ï�X�õ �ó �ñ �õ

�������í �ó�ó �‰�µ�Œ�‰�o�������š���ó�ó�����u
���š�í���î �í�ì�ð �}�Œ���v�P�������š���í�ì�ð�����u ������ ����

���î �Z�l���š�î���î �í�î�ñ �î�ò�X�ð �î�ì �í�ñ �î�ñ
�Z �í�ð�ð ������ ����

���d�í�W�ï �í�ò�X�í�ñ���u �� �ó ������ ����
���� �í�ñ ������ ����
���Á�í �ï�ì ������ ����
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���š�í���ï �í�ð�ð ������ ����
���š�î���ï �í�ò�ñ �}�Œ���v�P�������š���í�ò�ñ�����u�U���>�>�����š���í�ò�î�����u������ ����

���ï ���š�ï���ï �î�ì�î �}�Œ���v�P���l�Á�Z�]�š�������š���î�ì�î�����u �ð�ì�X�õ �ð�ì �ï�ì �ñ�í
���š�í���ð �î�î�ô ������ ����
���š�î���ð �î�ð�ò ������ ����

���ð ���š�ï���ð �î�ò�ó ���o�µ�������š���î�ò�ó�����u �ñ�ó�X�ô �ó�í �ñ�ï �ô�õ
�Z �î�ô�ó ������ ����
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���d�í�W�ð �î�ñ�X�ô���u �� �ô ������ ����
�E���t���o�o ���� �í�ó ������ ����

���Á�í �ï�ð �Ç���o�o�}�Á�����š���ï�ð�����u ������ ����
���Á�î �ñ�õ �}�Œ���v�P�������š���ñ�õ�����u ������ ����
���Á�ï �ó�ô �P�Œ�����v�l�}�Œ���v�P�������š���ó�ô�����u ������ ����

���ì ���Á�ð �ô�õ ���o�����l�l�P�Œ�����v�����š���ô�õ�����u �õ�X�ð �ð �î�X�ô �ñ
�^���t���o�o ���š�í���í �í�í�ì ������ ����

���š�î���í �í�î�ò ������ ����
���š�ï���í �í�ñ�ì ������ ����

���í ���š�ð���í �í�ó�ò �‰�]�v�l�l���o�µ�������š���í�ó�ò�����u �ï�î�X�î �î�ó �î�í �ï�ð
�^���t���o�o ���š�í���î �í�õ�ó ������ ����

���î ���š�î���î �î�ï�î �ð�õ�X�ô �ñ�ò �ð�î �ó�ì
�^���t���o�o ���š�í���ï �î�ò�ì ������ ����

���ï ���š�î���ï �î�ó�ò ���o�����l�l�Ç���o�o�}�Á�����š���î�ó�ò�����u �ò�ï�X�ñ �ô�ï �ò�î �í�ì�ï
�^���t���o�o ���š�í���ð �ï�î�ï ������ ����

���š�î���ð �ï�ñ�ñ ������ ����
���ð ���š�ï���ð �ï�ô�ñ �õ�ï�X�ó �í�ñ�ò �í�í�ó �í�õ�ñ

���d�î�W�í �î�X�ð�ñ���u � � � ó � �� �
�^���Á���o�o ���� �í�ï ���o�µ�������š���í�ï�����u ����

���Á�í �î�ò ����
���Á�î �ñ�í
���Á�ï �ó�ò �Ç���o�o�}�Á�����š���ó�ò�����u

���ì ���š �ô�õ �Œ�����r�Á�Z�]�š�����•�š�Œ�]�‰�����š���ô�õ�����u�í�ï�X�ò �ó �ñ �ô
���š�í���í �í�í�í �‰�µ�Œ�‰�o�������š���í�í�í�����u
���š�î���í �í�î�ï ����

���í ���š�ï���í �í�ó�ô �}�Œ���v�P�������š���í�ó�ô�����u �î�ñ�X�ò �í�õ �í�ð �î�ð
���š�í���î �î�ì�ò �P�Œ�����v�l�����Œ�l���P�Œ�����v�����š���î�ï�õ�����u ����
���š�î���î �î�î�ì �>�>�����š���î�í�ô ����
���š�ï���î �î�ï�õ �P�Œ�����v�����š���î�ï�õ�����u ����
���š�ð���î �î�ó�ð ����

���î ���š�ñ���î �î�õ�ð �ò�ì�X�ô �ó�ó �ñ�ô �õ�ò
���d�î�W�î �í�ð�X�ñ���u�� ���‰�l���í �ð ����

�E���Á���o�o ���î �í�ð ���o�µ�������š���í�ì�����u ����
���Á�í �ñ�ì �Ç���o�o�}�Á�����š���ñ�ì�����u ����
���š�í �ó�ì ����

���ì ���š�î �ô�ô �Ç���o�o�}�Á�l�Á�Z�]�š�������š���ñ�ì�����u �õ�X�ì �ï �î�X�ò �ð
���š�í���í �õ�ð ����

���í ���š�î���í �í�í�ó �>�>�����š���í�í�ñ�����u �í�ñ�X�ð �ô �ò �í�ì
���š�í���î �í�ð�ò ����
���š�î���î �í�ñ�ô ����

���î ���š�ï���î �í�ó�ñ �‰�µ�Œ�‰�o���l�Á�Z�]�š�������š���í�ó�ñ�����u �ï�í�X�î �î�ò �î�ì �ï�ï
���š�í���ï �î�ì�ì ����

���ï ���š�î���ï �î�ï�ò �Œ�����r�Á�Z�]�š�������Z�����l�����š���î�ï�ò �ð�ó�X�í �ñ�í �ï�ô �ò�ð
���š�í���ð �î�ò�õ ����
���š�î���ð �î�ô�í ����
���š�ï���ð �î�õ�õ ����

���ð ���š�ð���ð �ï�í�í �ò�ï�X�ó �ô�ï �ò�ï �í�ì�ð
���š�í���ñ �ï�ï�ó ����
���š�î���ñ �ï�ò�ì ����

���ñ �������ñ �ï�ó�ñ �ó�ò�X�ñ �í�í�î �ô�ð �í�ð�ì
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���d�î�W�ï �õ�X�ì���u ���í �ó ����
���î �í�ñ ���o�µ�������š���í�ñ�����u ����
���� �ð�ì ����

���ì ���Á�í �ñ�ô �ò�X�ô �î�X�î �î �î�X�ô
���Á���í �ó�ó ����

���í ���š�í���í �õ�ó ���o�µ���r���}�š���P�Œ�����v�����š���õ�ó �í�ï�X�ì �ò �ñ �ô
���š�í���î �í�í�ò �Á�Z�]�š���r�}�Œ���v�P�����•�š�Œ�]�‰�� ����
���š�î���î �í�ï�õ ����
���š�ï���î �í�ò�ó ����
���š�ð���î �í�õ�î ����
���š�ñ���î �î�í�ò �>�>�����š���î�í�ñ�����u ����

���î ���š�ò���î �î�ð�í �ð�ó�X�ì �ñ�í �ï�ô �ò�ï
���š�í���ï �î�ò�ì ����
���š�î���ï �î�ó�ò �}�Œ���v�P�������š���î�ó�ò�����u ����
���š�ï���ï �î�õ�ô ����
���š�ð���ï �ï�í�õ ����
���š�ï���ï �ï�ð�ó ����
���š�ò���ï �ï�ó�ï

���ï �������ï �ï�õ�í �ó�ô�X�ñ �í�í�ó �ô�ô �í�ð�ò

�^�,�����^�]�š������

���d�í�W�í �ï�ò�X�î���u ���í �í�ì ���� ����
���î �î�ì ���o�µ�������š���î�ì�����u ���� ����
���ï �ï�ñ ���� ����
���� �ñ�õ �Ç���o�o�}�Á�����š���ñ�õ�����u ���� ����
���Á�í �ó�ô ���� ����
���Á�î �í�ì�ò �Ç���o�o�}�Á���}�v���Á�Z�]�š�������š���í�ì�ò�����u ���� ����
���š�í �í�ï�í ���� ����
���š�î �í�ò�ó ���� ����
���š�ï �í�õ�í ���� ����
���š�ð �î�ì�ô �Œ�����r���}�š���Ç���o�o�}�Á�����š���î�ì�ô�����u ���� ����
���� �î�î�ð ���� ����
���í �î�ñ�ì ���>�>�����š���î�ñ�ì�����u
���î �î�ó�î ���� ����
���ï �î�ô�ó ���� ����
���ð �ï�ì�ï ���� ����
���ñ �ï�ï�ñ ���� ����

���ì ���ò �ï�ô�ï ���o�����l�r���}�š���Ç���o�o�}�Á�����š���ï�ô�ï�����u �ï�ò�X�ì �ï�ï �î�ñ �ð�í
���š�í���í �ð�ì�ï ������ ����
���š�î���í �ð�í�ô �Œ�����r�Á�Z�]�š�����•�š�Œ�]�‰�������š���ð�í�ô�����u ������ ����

���í �����í�� �ð�ï�ï �ð�ì�X�ì �ï�õ �î�õ �ð�õ

�>���/���W�Œ�}�i�����š�W�����'�Z�����D���E�d���E�K�X���:�í�í�ó�í�X�ì�ì�í�r�>���o�r�ì�ì�î�î�r�ì�í�r�ì�ì ���ñ �ñ�l�í�ï�l�î�ì�í�õ
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�d�����o�������í�W�����^�}�]�o���‰�Œ�}�(�]�o�����]�v�(�}�Œ�u���š�]�}�v���~�v���u���U���o�}�����š�]�}�v�����o�}�v�P���š�Œ���v���Z���Á���o�o�U���(�o���P�P�]�v�P���v�}�š���•�•�U�����µ�Œ�]�������•�}�]�o���µ�v�]�š���v�µ�u�����Œ�U���‰�Œ�}�(�]�o�����Z�}�Œ�]�Ì�}�v���š�]�}�v�U�����v�����W���/���~�W�Œ�}�(�]�o����
�����À���o�}�‰�u���v�š���/�v�����Æ�•�����P�������•�š�]�u���š���•���Á�]�š�Z�����=�l�r���î�ñ�9�����Œ�Œ�}�Œ�����•�š�]�u���š���•�X��

���d�í�W�î �í�ó�X�ñ���u ���í �õ ������ ����
���î �î�ì ������ ����
���� �ï�ï ������ ����
���Á�í �ð�ô �Ç���o�o�}�Á�����š���ð�ô�����u ������ ����
���Á�î �ó�î ������ ����

���ì ���Á�ï �ô�î �Ç���o�o�}�Á���}�v���Á�Z�]�š�������š���ô�î�����u �ô�X�î �ï �î�X�î �ð
�������í �í�ì�î ������ ����

���í ���Á���í �í�ï�î �Œ�����r���}�š���Ç���o�o�}�Á�����š���í�ï�î�����u �í�ñ�X�õ �õ �ò�X�ñ �í�í
���š�í���î �í�ò�ì

���î ���š�î���î �í�ó�ñ �š���Æ�]�r�‰�µ�Œ�‰�o�������š���í�ó�ñ�����u �î�ô�X�ì �î�î �í�ò �î�ó
���š�í���ï �í�õ�ñ ������ ����
���š�î���ï �î�í�ó �š���Æ�]�r�‰�µ�Œ�‰�o�������š���î�í�ó�����u��
���š�ï���ï �î�ð�õ �>�>�����š���î�ð�õ�����u ������ ����
���š�ð���ï �î�ó�ð ������ ����
���š�ñ���ï �î�õ�ó ������ ����
���š�ò���ï �ï�î�ó ������ ����
�������ï �ï�ñ�ô ���o�µ���r���}�š���Á�Z�]�š�������š���ï�ñ�ô�����u ������ ����
���í���ï �ï�ô�ð ������ ����

���ï ���î���ï �ð�ì�ð �ò�ì�X�õ �ó�ó �ñ�ô �õ�ó
���d�í�W�ï �ì�X�ô�ñ���u ���í �ò ������ ����

���î �í�ñ ���o�µ�������š���í�ñ�����u ������ ����
���Á�í �ï�í �Ç���o�o�}�Á�����š���ï�í�����u ������ ����

���ì ���Á�î �ð�í �Ç���o�o�}�Á�l�Á�Z�]�š�������š���ð�í�����u �ð�X�ð �í�X�í �ì�X�ô �í�X�ï
���š�í���í �ñ�õ �>�>�����š���ñ�ñ�����u�M ������ ����
���š�î���í �ó�ó ������ ����
���š�ï���í �í�ì�ô ������ ����

���í ���š�ð���í �í�î�õ �Œ�����r�Á�Z�]�š�������š���í�î�õ �î�ò�X�õ �î�ì �í�ñ �î�ò
���š�í���î �í�ð�î ������ ����
���š�î���î �í�ò�ì ������ ����
���š�ï���î �í�ô�í ������ ����

���î ���š�ð���î �î�í�ò �ð�ñ�X�ï �ð�ô �ï�ò �ò�ì
���d�î�W�ð �ì�X�ð�ì���u ���í �õ ������ ����

�E���Á���o�o ���î �î�ì ������ ����
���� �ï�ô ������ ����
���Á�í �ò�ì ������ ����

���ì ���Á�î �õ�í �í�î�X�ó �ò �ñ �ô
���í ���š�í���í �í�î�ñ �í�õ�X�ó �í�î �õ �í�ñ

���d�î�W�ñ ���r���í�X�ñ���u ���í �í�ð ������ ����
�^���Á���o�o ���î �î�ô ������ ����

���� �ð�î ������ ����
���Á�í �ò�ì ������ ����
���Á�î �õ�ï ������ ����

���ì ���Á�ï �í�î�í �í�ï�X�ó �ó �ñ �õ
���š�í�l�Z �í�ô�ó ������ ����

���í ���š�î�l�Z �î�í�ó �î�ô�X�ñ �î�î �í�ó �î�ô
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���d�î�W�í �î�ó�X�õ���u ���í �í�í ������ ����
���î �í�õ ���o�µ�������š���í�õ�����u ������ ����
���ï �ï�î ������ ����
���� �ð�ï �Ç���o�o�}�Á�����š���ð�ï�����u ������ ����
���� �ò�î ������ ����
���š�í �ô�î ������ ����
���š�î �í�ì�ô ������ ����

���ì ���š�ï �í�î�î �î�ì�X�ð �í�ï �í�ì �í�ò
���š�í���í �í�ð�î ������ ����

���í ���š�î���í �í�ò�ì �î�õ�X�ð �î�ð �í�ô �î�õ
���š�í���î �í�ó�ð ������ ����
���š�î���î �í�õ�ì ������ ����
���š�ï���î �î�í�õ ������ ����
���š�ð���î �î�ñ�ï �š���Æ�]�r�Ç���o�o�}�Á���}�v�����o�����l�����š���î�ñ�ï�����u ������ ����

���î ���š�ñ���î �î�ò�ô ���o�µ���r���}�š���Á�Z�]�š�������š���ï�ì�î�����u �ò�ì�X�ì �ó�ò �ñ�ó �õ�ñ
�î���š�í���ï �î�ô�ð ������ ����
�î���š�î���ï �ï�ì�ò �Œ�����l�Á�Z�]�š�����}�v���Á�Z�]�š�������š���ï�ì�ò ������ ����

���ï �î�������ï �ï�ñ�ð �ó�î�X�õ �í�ì�ð �ó�ô �í�ï�ì
���d�î�W�î �ð�ì�X�ð���u ���í �ó ����

���î �í�õ ���o�µ�������š���í�õ�����u ����
���� �ð�ì ����
���Á�í �ò�ì �Ç���o�o�}�Á�l�Á�Z�]�š���������š���ò�ì�����u ����

���ì ���Á�î �ô�ó �Œ�����r���}�š���Ç���o�o�}�Á�����š���ô�ó�����u�� �ô�X�ô �ï �î�X�ñ �ð
���Á�ï�l���š���í �í�í�ð
���š�î���í �í�ï�ñ ����
���š�ï���í �í�ñ�í �‰�µ�Œ�‰�o�������š���í�ñ�í�����u ����
���š�ð���ð �í�ó�ð �š���Æ�]�����š���í�ó�ð ����
���š�ñ���í �î�ì�õ ����
���š�ò���í �î�ï�ï ���o�µ���r���}�š���Á�Z�]�š�������š���î�ï�ï�����u ����
���š�ó���í �î�ñ�ò �}�Œ���v�P���r�Á�Z�]�š�����•�š�Œ�]�‰�����š���î�ñ�ò ����
�������í �î�ó�ï ����
�����í���í �î�õ�ô ����

���í �����î���í �ï�í�í �ð�õ�X�ð �ñ�ñ �ð�í �ò�õ
�Z �ï�î�í �•�����Z���Á�l�������o�µ���r���}�š���P�Œ�����v�����š���ï�î�í ����

���d�î�W�ï �ñ�X�í���u ���í �í�ò ����
���î �ï�ì ���o�µ�������š���ï�ì�����u ����

���ì ���Á �ð�î �Ç���o�o�}�Á�l�Á�Z�]�š�������š���ð�î�����u �ñ�X�ò �í�X�ò �í�X�î �î�X�ì
���š�í���í �ñ�ð ����
���š�î���í �ó�ï ����

���í ���š�ï���í �ô�ó �í�ò�X�õ �í�ì �ó �í�î
���š�í���î �í�í�ò ���o�µ���r���}�š���Á�Z�]�š�������š���í�í�ò�����u ����
���š�î���î �í�ï�ð ����
���š�ï���î �í�ò�ð ����

���î �������î �î�ì�ð �ï�ô�X�ô �ï�ó �î�ô �ð�ò
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           EARTH SYSTEM SCIENCE DEPT, UC IRVINE

�����&���U�H�V�X�O�W�V �-�D�Q����������������
�7�D�E�O�H���*�����5�D�G�L�R�F�D�U�E�R�Q���5�H�V�X�O�W�V���I�U�R�P���/�$�1�/���3�K�D�V�H�����������6�L�W�H�V���%���D�Q�G����������

�8�&�,�$�0�6 �6�D�P�S�O�H���Q�D�P�H�G���� �& �“ �I�U�D�F�W�L�R�Q�“ �' ���� �& �“ ���� �&���D�J�H �“
�� ���Å�� �0�R�G�H�U�Q ���Å�� ���%�3��

�6�L�W�H���% �O�R�Z �K�L�J�K
������������ �%���7���E���5�&�� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �%���7���E���5�&���� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �%���7���E���5�&���� ������������ ������������ ������������ ������ �������� ���� ���������� ����������
������������ �%���7���E���5�&���� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �%���7���E���5�&���� ������������ ������������ ������������ ������ �������� ���� ���������� ����������
������������ �%���7���E���5�&���� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �7�����5�&�����V�L�W�H���% ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �7�����5�&�����V�L�W�H���% ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �7�����5�&�����V�L�W�H���%���������P�J�& ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �7�����5�&�����V�L�W�H���% ������������ ������������ ���������� ������ �0�R�G�H�U�Q�� ���� ����
�6�L�W�H���&
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� ���������� ����������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ ���������� ���� ���������� ����������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ ���������� ���� ���������� ����������
������������ �V�L�W�H���&���7�����5�&���� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� ���������� ����������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ �������� ���� �������� ��������
������������ �V�L�W�H���&���7�����5�&�� ������������ ������������ ������������ ������ ���������� ������ ���������� ����������
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Background 

Optically Stimulated Luminescence (OSL) dating determines the time elapsed since a sediment sample 

was last exposed to daylight (Aitken, 1998). The method relies on the interaction of ionizing radiation 

with electrons in semi-conducting minerals within buried sediment, which results in metastable 

accumulation of charge. Illumination of the sediment releases the charge as a measurable emission of 

photons (luminescence). The methods assume that mineral grains during or immediately prior to the 

transport were exposed to daylight to set them to their geological zero residual level. Upon burial, day 

light exposure ceases and essentially the luminescence signal begins to accumulate due to the radiation 

arising from the decay of ambient radioisotopes that include U, Th, Rb and K, and from cosmic rays. 

Given that, as a first approximation, the radiation exposure (the dose rate - DR) is constant over the 

timescales of interest, luminescence builds up (equivalent dose - DE) in the minerals in proportion to the 

duration of burial and the concentration of the radioisotopes in the sample environment and the cosmic 

dose. The depositional age (A) of the sample is thus a ratio of luminescence acquired and the rate of 

luminescence acquisition, i.e., A=DE/DR (Aitken, 1998; Murray and Olley, 2002; Singhvi and Porat, 

2008).    

 

Preparation and measurement 

As requested, all sediment samples were prepared for quartz OSL dating. All the OSL samples were 

provided in sealed lightproof bags. The samples were opened in the Luminescence Dating Laboratory at 

the University of Cincinnati under safe light conditions. Approximately 200 g of sediment was removed 

from each bag and was dried to determine the water content for each sample. The sediment was then 

crushed and sent to the Activation Laboratories Limited in Ancaster, Ontario, Canada for Major Elements 

Fusion ICP/MS/Trace Elements analysis to determine the U, Th and K concentrations for DR calculations 

(Table 1).  

 

The reminding sediment was pretreated with 10% HCl and 10% H2O2 to remove carbonates and organic 

matter, respectively. The pretreated samples were rinsed in water, dried and sieved to attract the 90Ð150 

µm particle size fraction. A sub-fraction (~20 g) of sample was etched using 44% HF acid for 80 minutes 

to remove the outer alpha irradiated layer from quartz particles. This treatment also helps dissolves any 



feldspars present.  Any fluorides precipitated during HF treatment were removed using concentrated HCl 

for 30 min. The quartz sample was then rinsed in distilled water and acetate, and dried and sieved to 

obtain grain size 90Ð150 µm in diameter. Next, a low field controlled Frantz isodynamic magnetic 

separator (LFC Model-2) was used to separate feldspar and magnetic minerals from quartz in the 90Ð150 

µm particle size fraction following the methods of Porat (2006) with the forward and side slopes were set 

at 100¡ and 10¡, respectively, within a variable magnetic field. The quartz was sieved using a 90 µm mess 

to remove any grains smaller than 90 µm, so that the 90Ð150 µm could be used for OSL measurement. 

 

An automated Riso OSL reader model TL-DA-20 was used for OSL measurements and irradiation. 

Aliquots, containing approximately several hundred grains of the samples, were mounted onto  ~ 6 mm-

diameter stainless steel discs as a small central circle ~ 3 mm in diameter.  Aliquots for each sample were 

first checked for feldspar contamination using infrared stimulated luminescence (IRSL) at room 

temperature before the main OSL measurements were undertaken (Jain and Singhvi, 2001). If the aliquots 

did not pass the IRSL test the samples were etched in 40% HF for further 30 minutes to remove any 

feldspar, followed by 10% HCl treatment and sieving again. Samples that passed the IRSL test were used 

for OSL dating. Aliquots of samples were illuminated with blue LEDs stimulating at a wavelength of 470 

nm (blue light stimulated luminescence Ð BLSL). The detection optics comprised Hoya U-340 and Schott 

BG-39 color glass filters coupled to an EMI 9235 QA photomultiplier tube. The samples were irradiated 

using a 90Sr/90Y beta source.  The single aliquot regeneration (SAR) method of (Murray and Wintle, 2000, 

2003) was used to determine the DE for age estimation. Only aliquots that satisfy the criterion of a 

recycling ratio not more than 10% were used in determining DE.  A preheat of 240 ¡C for 10s was used 

and the OSL signal was recorded for 40 s at 125 ¡C. OSL sensitivity of the samples had a high signal to 

noise ratio. Dose recovery tests (Wintle and Murray, 2006) indicate that a laboratory dose of 10.9 Gy 

could be recovered to within 10% by the SAR protocol suggesting that the protocol was appropriate.  

 

Results 

Table 1 presents the radioisotope, water content, and cosmic dose, DR, DE and OSL age for the samples. 

Dose rate calculations follows the details highlighted in the footnotes of Table 1 and confirmed using the 

Dose Rate and Age Calculator (DRAC) of Duncan et al. (2015). Dose rates for all samples are between 

4.0 to 4.9 Gy/ka, which is within the normal range for terrestrial sediments. However, the Th/U is 

somewhat high suggesting possible leaching of U with respect to Th, which might indicate that dose rates 

have changed overtime. Natural water content varied from ~9 to 20%, and we assumed a conservative 



value with a large uncertainty (10±5%) to reflect possible changes in water content over the geologic 

history.  

 

The natural OSL signal for all aliquots were at least an order of magnitude greater than background 

signal. The shine down curves (luminescence stimulated in the lab over 40 s of exposure to light) for all 

aliquots showed fast decay patterns that confirm that the signal is the fast component of luminescence, 

which is dominant in quartz. This provides confidence sample would have likely been bleached quickly if 

only briefly exposed to sunlight. Figure 1 shows examples of shine down curves for the dated samples. 

Figure 1 also shows examples of the regenerative curves, illustrating good growth and recuperation. 

Examples of IRSL Òshine downÓ curves used to test that there was no feldspar within the samples (the 

curve only have background signals and no shine down) are also shown in Figure 1. Dose rate recovery 

tests for the samples shows that they have good recovery within the uncertainty of the laboratory 

measurement (Figure 2).  

 

The luminescence signal for samples SA-T1-OSL 3 through 6 saturated at laboratory doses of ~190 Gy. 

These samples are beyond the ages for OSL dating of quartz, but the test set a minimum age limit. Given 

that these samples were beyond the age range of OSL, only six aliquots were run on these samples. 

Samples SA-T2-OSL 1 through 4 were well within the dating range for quartz. The spread of DE varied 

between samples and are shown in Figure 3. The larger spread of DE values for some of the samples, e.g., 

SA-T2-OSL 1, 2 and 4, suggests possible partial bleaching. This can result in an overestimate of the age. 

A weighted mean value for the DE values that weights the calculation of DE values towards the younger 

aliquots help accommodates this potential effect (see ages highlighted in bold in Table 1).  
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Figure 1. Examples of ISRL test for feldspar (top) typical OSL shine down curves (middle), regenerative 

curves (bottom) and for each dated sample. 
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Figure 2. Dose rate recovery test for samples SA-T2-OSL 1 (aliquots 1 through 6), SA-T2-OSL 

2 (aliquots 7 through 12), SA-T2-OSL 3 (aliquots 13 through 18), and SA-T2-OSL 1 (aliquots 19 

through 24). The applied dose was 100 s.  

 

 



 

 

 

Figure 3. Equivalent doses for each sample, plotted as histograms (number of aliquots) and probability 

against equivalent dose (Gy). 

 



Table 1: Summary of OSL dating results from extracted from sediment, sample locations, radioisotopes concentrations, moisture 
contents, total dose-rates, DE estimates and optical ages. 

Sample Number  Location 
(oN/oW) 

Altitude 
(m asl) 

Depth 
(cm) 

Water 
Content 

(%) 

Ua 

(ppm) 
Tha 

(ppm) 
Ka 

(%) 
Rba 

(ppm) 
Cosmicb, c 

(Gy/ka) 
Dose-rateb, d 

(Gy/ka) 
ne Average 

equivalent 
dosef 

(Gy) 

Weighted 
average 

equivalent 
doseh 

(Gy) 

OSL 
Agef,i 

(ka) 

OSL 
Ageh,i 

(ka) 

SA-T1-OSL 3 35.8396/
106.3581 

2293 75 13.9 4.3 17.4 2.9 118 0.36±0.04 4.94±0.30 ! " #$ È190 n/a È38 n/a 

SA-T1-OSL 4 35.8396/
106.3581 

2293 75 10.8 4.8 16.6 2.2 123 0.36±0.04 4.44±0.25 ! " #$ È190 n/a È43 n/a 

SA-T1-OSL 5 35.8396/
106.3580 

2294 50 11.5 3.4 12.0 2.6 99 0.40±0.04 4.23±0.26 ! " #$ È190 n/a È45 n/a 

SA-T1-OSL 6 35.8396/
106.3580 

2294 62 10.1 3.8 12.9 2.6 107 0.38±0.04 4.35±0.26 ! " #$ È190 n/a È44 n/a 

SA-T2-OSL 1 35.8391/
106.3582 

2294 30 9.1 4.0 11.3 2.2 98 0.43±0.04 3.99±0.23 %%!%&#$ 101.98±6.75 72.61±0.63 25.6±2.3 18.2±1.1 

SA-T2-OSL 2 35.8391/
106.3582 

2293 30 10.8 4.1 11.8 2.3 97 0.43±0.04 4.14±0.24 %&!%" #$ 63.65±2.09 57.72±0.37 15.4±1.0 13.9±0.8 

SA-T2-OSL 3 35.8391/
106.3580 

2295 27  3.4 11.0 2.4 91 0.44±0.04 4.05±0.24 %"!%" # 28.15±1.14 25.21±0.15 7.0±0.5 6.2±0.4 

SA-T2-OSL 4 35.8391/
106.3580 

2295 25  3.2 11.1 2.5 87 0.44±0.04 4.07±0.25 %'!%" # 32.15±2.40 22.98±0.15 7.9±0.8 5.7±0.3 

a Elemental concentrations from NAA of whole sediment measured at Activation Laboratories Limited Ancaster, Ontario Canada. Uncertainty taken as ±10%. 
b Estimated fractional day water content for whole sediment is taken as 10% and with an uncertainty of ± 5%. 
c Estimated contribution to dose-rate from cosmic rays calculated according to Prescott and Hutton (1994). Uncertainty taken as ±10%. 
d Total dose-rate from beta, gamma and cosmic components. Beta attenuation factors for U, Th and K compositions incorporating grain size factors from Mejdahl (1979). Beta attenuation factor 
for Rb is taken as 0.75 (cf. Adamiec and Aitken, 1998). Factors utilized to convert elemental concentrations to beta and gamma dose-rates from Adamiec and Aitken (1998) and beta and gamma 
components attenuated for moisture content. 

e Number of replicated equivalent dose (DE) estimates used to calculate DE. These are based on recuperation error of < 10%. The number in the parenthesis is the total measurements made 
including failed runs with unusable data. 

f Average equivalent dose (DE) determined from replicated single-aliquot regenerative-dose (SAR; Murray and Wintle, 2000) runs. The uncertainty is the standard error and includes an uncertainty 
from beta source estimated of ±5%. 
h Weighted average equivalent dose (DE) determined from replicated single-aliquot regenerative-dose (SAR; Murray and Wintle, 2000) runs. The uncertainty is the standard error and includes an 
uncertainty from beta source estimated of ±5%. 

iUncertainty incorporate all random and systematic errors, including dose rates errors and uncertainty for the DE.  
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Background 

Optically Stimulated Luminescence (OSL) dating determines the time elapsed since a sediment sample was 

last exposed to daylight (Aitken, 1998). The method relies on the interaction of ionizing radiation with 

electrons in semi-conducting minerals within buried sediment, which results in metastable accumulation of 

charge. Illumination of the sediment releases the charge as a measurable emission of photons 

(luminescence). The methods assume that mineral grains during or immediately prior to the transport were 

exposed to daylight to set them to their geological zero residual level. Upon burial, day light exposure 

ceases and essentially the luminescence signal begins to accumulate due to the radiation arising from the 

decay of ambient radioisotopes that include U, Th, Rb and K, and from cosmic rays. Given that, as a first 

approximation, the radiation exposure (dose rate - DR) is constant over the timescales of interest, 

luminescence builds up (equivalent dose - DE) in the minerals in proportion to the duration of burial and 

the concentration of the radioisotopes in the sample environment and the cosmic dose. The depositional age 

(A) of the sample is thus a ratio of luminescence acquired and the rate of luminescence acquisition, i.e., 

A=DE/DR (Aitken, 1998; Murray and Olley, 2002; Singhvi and Porat, 2008).    

 

Preparation and measurement 

As requested, all sediment samples were prepared for quartz OSL dating. All the OSL samples were 

provided in 4-inch-long steel tubes. These samples were quite small and the sediment was relatively well 

consolidated within the tubes. This created some challenges in extracting significant sediment for dating; 

but enough quartz was obtained for all the samples to undertake tests and measurements. The samples were 

opened in the Luminescence Dating Laboratory at the University of Cincinnati under safe light conditions. 

Approximately 150 g of sediment was removed from ends of each tube and was dried to determine the 

water content for each sample. The sediment was then crushed and sent to the Activation Laboratories 

Limited in Ancaster, Ontario, Canada for Major Elements Fusion ICP/MS/Trace Elements analysis to 

determine the U, Th and K concentrations for DR calculations (Table 1).  

 

The reminding sediment was pretreated with 10% HCl and 10% H2O2 to remove carbonates and organic 

matter, respectively. The pretreated samples were rinsed in water, dried and sieved to attract the 90Ð150 

µm particle size fraction. A sub-fraction (~20 g) of sample was etched using 44% HF acid for 80 minutes 

to remove the outer alpha irradiated layer from quartz particles. This treatment also helps dissolves any 

feldspars present.  Any fluorides precipitated during HF treatment were removed using concentrated HCl 



for 30 min. The quartz sample was then rinsed in distilled water and acetate, and dried and sieved to obtain 

grain size 90Ð150 µm in diameter. Next, a low field controlled Frantz isodynamic magnetic separator (LFC 

Model-2) was used to separate feldspar and magnetic minerals from quartz in the 90Ð150 µm particle size 

fraction following the methods of Porat (2006) with the forward and side slopes were set at 100¡ and 10¡, 

respectively, within a variable magnetic field. The quartz was sieved using a 90 µm mess to remove any 

grains smaller than 90 µm, so that the 90Ð150 µm could be used for OSL measurement. 

 

An automated Riso OSL reader model TL-DA-20 was used for OSL measurements and irradiation. 

Aliquots, containing approximately several hundred grains of the samples, were mounted onto ~ 6 mm-

diameter stainless steel discs as a small central circle ~ 3 mm in diameter.  Aliquots for each sample were 

first checked for feldspar contamination using infrared stimulated luminescence (IRSL) at room 

temperature before the main OSL measurements were undertaken (Jain and Singhvi, 2001). If the aliquots 

did not pass the IRSL test (<3x background levels of 40-100 counts) the samples were etched in 40% HF 

for further 30 minutes to remove any feldspar, followed by 10% HCl treatment and sieving again. Samples 

that passed the IRSL test were used for OSL dating. Aliquots of samples were illuminated with blue LEDs 

stimulating at a wavelength of 470 nm (blue light stimulated luminescence Ð BLSL). The detection optics 

comprised Hoya U-340 and Schott BG-39 color glass filters coupled to an EMI 9235 QA photomultiplier 

tube. The samples were irradiated using a 90Sr/90Y beta source.  The single aliquot regeneration (SAR) 

method of (Murray and Wintle, 2000, 2003) was used to determine the DE for age estimation. Only aliquots 

that satisfy the criterion of a recycling ratio not more than 10% were used in determining DE.  A preheat of 

240 ¡C for 10s was used and the OSL signal was recorded for 40 s at 125 ¡C. OSL sensitivity of the samples 

had a high signal to noise ratio. Dose recovery tests (Wintle and Murray, 2006) indicate that a laboratory 

dose of 10.9 Gy could be recovered to within 10% by the SAR protocol suggesting that the protocol was 

appropriate.  

 

Results 

Table 1 presents the radioisotope, water content, and cosmic dose, DR, DE and OSL age for the samples. 

Dose rate calculations follows the details highlighted in the footnotes of Table 1 and confirmed using the 

Dose Rate and Age Calculator (DRAC) of Duncan et al. (2015). Dose rates for all samples are between 3.9 

to 4.8 Gy/ka, which is within the normal range for terrestrial sediments. The Th/U is consistent with the 

expected values suggesting that leaching has not been a significant problem at the sites. Natural water 

content varied from ~2 to 10%, and we assumed a conservative value with a large uncertainty (10±5%) to 



reflect possible changes in water content over the geologic history, especially accounting for wetter glacial 

times in the past and drying out of the trench faces during excavation and sampling.  

 

The natural OSL signal for all aliquots were three to four orders of magnitude greater than background 

signal. Some samples exhibited a negligible IRSL signal of <200 counts (cf. background of 40Ð100 counts 

and natural glow of È10,000 counts). Laboratory sample LA13 had an exceptionally high IRSL response as 

compared to all the other samples and hence the age of this samples should be considered with extra care 

(although the IRSL counts were several orders of magnitude lower than the OSL signal).  Examples of 

IRSL Òshine downÓ curves used to test that there was negligible feldspar within the samples are shown in 

Figure 1. The shine down curves (luminescence stimulated in the laboratory for 40 s of exposure to light) 

for all aliquots showed fast decay patterns that confirm that the signal is the fast component of 

luminescence, which is dominant in quartz. This also provides confidence sample would have likely been 

bleached quickly if only briefly exposed to sunlight for a few minutes. Figure 1 shows examples of shine 

down curves for the dated samples and examples of the regenerative curves, illustrating good growth and 

recuperation. Dose rate recovery tests for the samples shows that they have good recovery within the 10% 

uncertainty of the laboratory dose (Figure 2).  

 

The luminescence signal for the measured samples saturates at laboratory equivalent doses of above ~150 

Gy. As such minimum ages can be provided for samples that have saturated by estimating where the 

regenerative curve becomes asymptotic. These include samples laboratory samples LA1, LA2, LA5, LA8, 

LA9, LA10, LA11, LA13 and LA18. These samples are thus beyond the ages for OSL dating of quartz, but 

the test set a minimum age limit. Given that these samples were beyond the age range of OSL, only six 

aliquots were run on these samples. 

 

The rest of the samples were well within the dating range for quartz. The spread of DE varied between 

samples and are shown in Figure 1. The larger spread of DE values for some of the samples, e.g., LA3, LA6, 

LA7, LA19 and LA20 (with dispersion >20%), suggests partial bleaching. This can result in an overestimate 

of the age. To address this issue, a two mixing model was used to refine the age further for these samples. 

For samples, with dispersion <20%, a weighted mean value for the DE values is preferred with helps weight 

the calculation towards DE values with higher precision (Table 1). Ages for all samples that were not 

saturated are also calculated using the average and standard error of the DE values (Table 1). In addition, 

ages for all non-saturated samples are calculated using the minimum DE values to give an estimate of the 

potential minimum age for the sample, although this is not considered statistical robust (Table 1). The 

preferred age for each sample is highlighted in grey in Table 1. 
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Figure 1. Examples of ISRL test for feldspar (top), typical OSL shine down curves (middle left), 

regenerative curves (middle right), probability distribution graphs (bottom left) and radial plots (bottom 

right) and for each dated sample. The probability distribution graphs and radial plots are not provided for 

samples that were saturated. Units for the probability distribution graphs and radial plots are provided in 

Grays. 
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Figure 2. Dose rate recovery test for samples. The applied dose was 100 s, and average and 

standard deviation is displayed for each sample (n !  4 aliquots).  

 

  

 



Table 1: Summary of OSL dating results from extracted from sediment, sample locations, radioisotopes concentrations, moisture contents, total dose-rates, DE estimates and optical ages. 
 
 

          
Water 

contentb 
Cosmic 
doseb,c    

Total dose 
rateb, d  

Number of 
aliquots Dispersion 

Saturating 
DE DE (Gy)   Age (ka)  

DE 
(Gy)   Age (ka)  

DE 

(Gy)   Age (ka)  DE (Gy)  Age (ka)  Saturated 

Sample number 
Laboratory 

number oN oW 
Altitude 
(m asl) 

Depth 
(m) 

Ua 

(ppm) 
Tha 

(ppm) 
Ka  
(%) 

Rba 

(ppm) % (Gy/ka)     (Gy/ka)     used in agee % (Gy) Average     Average   Weighted meanf 
Weighted 
meanf,h 2-mixing modelh 2-mixing modelh Minimum aliquoth 

Minimum 
aliquoth Age (ka) 

B-T1S-OSL1 LA1 35.83638 106.36227 2335 0.9 3.3 12.4 2.4 102 5.2 0.29 ± 0.03 3.93 ± 0.24 6 (6)  >303                         >77 

B-T1S-OSL2 LA2 35.83638 106.36227 2335 0.7 3.4 12.9 3.3 104 3.0 0.31 ± 0.03 4.80 ± 0.31 6 (6)  >156                         >33 

B-T1S-OSL3 LA3 35.83638 106.36227 2335 0.45 3.3 11 3.0 90 4.6 0.34 ± 0.03 4.39 ± 0.28 28 (29) 29  46.57 ± 2.57 10.6 ± 0.9 35.25 ± 0.51 8.0 ± 0.5 30.09 ± 0.62 6.9 ± 0.5 24.88 ± 1.32 5.7 ± 0.47  

B-T1S-OSL4 LA4 35.83642 106.36232 2335 0.6 3.4 14.6 3.1 98 3.1 0.32 ± 0.03 4.71 ± 0.30 13 (15) 7  133.84 ± 4.66 28.4 ± 2.1 125.61 ± 3.08 26.7 ± 1.8       109.62 ± 7.58 23.2 ± 2.2  

B-T1bS-OSL1 LA5 35.83633 106.36214 2332 2.2 3.1 10.1 2.6 86 4.7 0.25 ± 0.03 3.88 ± 0.25 6 (6)  >174                         >45 

B-T1bS-OSL3 LA6 35.83633 106.36206 2331 1.2 3.3 12.5 2.9 96 4.7 0.28 ± 0.03 4.37 ± 0.28 24 (24) 11  39.45 ± 1.4 9.0 ± 0.7 37.51 ± 0.57 8.6 ± 0.6       30.68 ± 2.13 7 ± 0.7  

B-T1bS-OSL4 LA7 35.83633 106.36206 2331 0.75 3.4 12.7 3.1 84 9.8 0.30 ± 0.03 4.60 ± 0.29 23 (24) 12  30.24 ± 0.92 6.6 ± 0.5 28.89 ± 0.37 6.3 ± 0.4       25.04 ± 1.3 5.4 ± 0.4  

B-T1bS-OSL5 LA8 35.83633 106.36214 2332 2.65 3.1 11 2.8 92 9.1 0.24 ± 0.02 4.12 ± 0.27 6 (6)  >271                         >66 

B-T2S-OSL1 LA9 35.83625 106.36241 2339 1.85 3.1 12.6 2.5 94 5.8 0.26 ± 0.03 4.00 ± 0.25 6 (6)  >185                         >46 

B-T2S-OSL2 LA10 35.83625 106.36241 2339 1.65 3.2 12.3 2.4 94 5.0 0.27 ± 0.03 3.92 ± 0.24 6 (6)  >182                         >46 

B-T2S-OSL3 LA11 35.83625 106.36241 2339 0.85 3.2 11.3 2.6 92 3.3 0.30 ± 0.03 4.02 ± 0.25 10 (10)  >162                         >40 

B-T2S-OSL4 LA12 35.83625 106.36241 2339 0.65 3.2 11.7 3.0 90 1.5 0.31 ± 0.03 4.39 ± 0.28 20 (22) 10  34.36 ± 0.96 7.8 ± 0.6 33.13 ± 0.44 7.6 ± 0.5       25.06 ± 1.74 5.7 ± 0.5  

B-T2S-OSL6 LA13 35.83625 106.36241 2339 2.75 3.1 12.3 3.0 95 4.5 0.24 ± 0.02 4.33 ± 0.28 6 (6)  >190                         >44 

B-T2N-OSL1 LA14 35.83626 106.36247 2341 0.7 3.4 12.1 3.1 90 2.1 0.31 ± 0.03 4.58 ± 0.29 16 (20) 23  239.58 ± 
23.7
2 52.3 ± 6.2 179.37 ± 9.4 39.2 ± 3.2 162.00 ± 12.00 35.4 ± 3.5 155.13 ± 12.08 33.9 ± 3.4  

B-T2N-OSL2 LA15 35.83626 106.36247 2341 0.45 3.1 11.5 3.2 91 1.4 0.34 ± 0.03 4.59 ± 0.30 16 (22) 42  72.23 ± 9.68 15.7 ± 2.4 48.92 ± 0.9 10.7 ± 0.7 47.20 ± 1.00 10.3 ± 0.7 37 ± 1.87 8.1 ± 0.7  

C-T1S-OSL3 LA16 35.85801 106.36282 2483 2.65 3.5 12.7 3.2 94 2.2 0.25 ± 0.03 4.65 ± 0.30 14 (16) 21  118.29 ± 9.25 25.4 ± 2.6 92.84 ± 2.67 20.0 ± 1.4 64.50 ± 5.10 13.9 ± 1.0 64.39 ± 4.99 13.9 ± 1.4  

C-T1S-OSL5 LA17 35.85801 106.36288 2486 0.75 3.5 13.4 3.0 93 3.9 0.31 ± 0.03 4.60 ± 0.29 14 (16) 11  81.92 ± 3.1 17.8 ± 1.4 77.51 ± 1.9 16.9 ± 1.1       62.58 ± 4.73 13.6 ± 1.3  

C-T1N-OSL3 LA18 35.85802 106.36280 2482 3.63 3 11.2 2.8 94 4.0 0.22 ± 0.02 4.10 ± 0.27 6 (6)  >216                         >53 

C-T2S-OSL1 LA19 35.85813 106.36292 2487 0.57 3.1 11.7 3.3 93 3.6 0.33 ± 0.03 4.68 ± 0.31 23 (32) 32  16.98 ± 1.24 3.6 ± 0.4 13.04 ± 0.2 2.8 ± 0.2 12.69 ± 0.23 2.7 ± 0.4 9.53 ± 0.51 2 ± 0.2  

C-T2S-OSL3 LA20 35.85801 106.36288 2484 0.8 3.4 12.4 3.3 96 2.2 0.31 ± 0.03 4.79 ± 0.31 24 (26) 36  20.29 ± 2.23 4.2 ± 0.5 15.41 ± 0.25 3.2 ± 0.2 16.53 ± 0.26 3.5 ± 0.2 11.32 ± 0.61 2.4 ± 0.2  

C-T2S-OSL6 LA21 35.85813 106.36292 2487 1.4 3.4 13.1 3.3 94 2.5 0.29 ± 0.03 4.80 ± 0.31 14 (16) 32  110.5 ± 
11.5
5 23.0 ± 2.8 81.62 ± 1.77 17.0 ± 1.2 82.10 ± 1.80 17.1 ± 1.2 67.17 ± 4.8 14 ± 1.4  

C-T2S-OSL7 LA22 35.85813 106.36292 2487 1.65 3.3 11.3 2.6 89 2.4 0.28 ± 0.03 4.07 ± 0.25 14 (16) 1   140.07 ± 8.58 34.4 ± 3.0 125.52 ± 4.14 30.8 ± 2.2             108.84 ± 8.44 26.7 ± 2.6   

                                             
a Elemental concentrations from NAA of whole sediment measured at Activation Laboratories Limited Ancaster, Ontario Canada. Uncertainty taken as ±10%. 
b Estimated fractional day water content for whole sediment is taken as 10% and with an uncertainty of ± 5%. 
c Estimated contribution to dose-rate from cosmic rays calculated according to Prescott and Hutton (1994). Uncertainty taken as ±10%. 
d Total dose-rate from beta, gamma and cosmic components. Beta attenuation factors for U, Th and K compositions incorporating grain size factors from Mejdahl (1979). Beta attenuation factor for Rb is taken as 0.75 (cf. Adamiec and Aitken, 1998). Factors utilized to convert elemental concentrations to beta and gamma dose-rates from Adamiec and Aitken (1998) and beta and gamma components attenuated for moisture content. 
e Number of replicated equivalent dose (DE) successfully measured determined from replicated single-aliquot regenerative-dose method (SAR; Murray and Wintle, 2000). These are based on recuperation error of < 10%. Numbers in parenthesis refer to total number of aliquots measured. 
f Weighted average for equivalent doses (DE) of all aliquots. The uncertainty includes an uncertainty from beta source estimated of ±5%. 
g Average and standard error for equivalent doses (DE) of all aliquots. The uncertainty includes an uncertainty from beta source estimated of ±5%. 

h Uncertainty incorporate all random and systematic errors, including dose rates errors and uncertainty for the DE.  
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Table��1.��NMBGMR��Microprobe��LANL��tephra��results
Wt%��Oxide Normalized��to��100%

Comment P2O5 SiO2 SO2 TiO2 Al2O3 MgO CaO MnO FeO Na2O K2O F Cl Total P2O5 SiO2 SO2 TiO2 Al2O3 MgO CaO MnO FeO Na2O K2O F Cl Total

PF�r122�r01 0.02 76.21 �r0.02 0.12 11.82 0.01 0.27 0.07 1.35 2.79 4.7 0.02 0.11 97.49 0.02 78.17 �r0.02 0.12 12.12 0.01 0.28 0.07 1.38 2.86 4.82 0.02 0.11 99.98
PF�r122�r02 �r0.02 76.33 �r0.02 0.1 11.86 0 0.28 0.06 1.28 2.61 4.71 0 0.11 97.34 �r0.02 78.42�r0.02 0.10 12.18 0.00 0.29 0.06 1.31 2.68 4.84 0.00 0.11 99.96
PF�r122�r03 �r0.01 74.87 0 0.14 11.69 0.03 0.26 0.06 1.19 3.86 5.19 0.03 0.09 97.41 �r0.01 76.86 0.00 0.14 12.00 0.03 0.27 0.06 1.22 3.96 5.33 0.03 0.09 99.99
PF�r122�r04 0.01 74.63 0.02 0.18 11.63 0.02 0.31 0.07 1.29 3.83 5.22 0.01 0.11 97.35 0.01 76.66 0.02 0.18 11.95 0.02 0.32 0.07 1.33 3.93 5.36 0.01 0.11 99.98
PF�r122�r05 0.01 75.73 �r0.01 0.15 11.59 0.04 0.26 0.05 1.26 3.89 4.96 0 0.09 98.04 0.01 77.24 �r0.01 0.15 11.82 0.04 0.27 0.05 1.29 3.97 5.06 0.00 0.09 99.98
PF�r122�r06 0.02 75.58 0.01 0.1 11.73 0.04 0.23 0.06 1.29 3.53 5.06 0.04 0.11 97.78 0.02 77.30 0.01 0.10 12.00 0.04 0.24 0.06 1.32 3.61 5.17 0.04 0.11 100.02
PF�r122�r07 0 75.26 0 0.14 11.64 0.01 0.22 0.04 1.24 3.57 4.96 0.05 0.09 97.23 0.00 77.40 0.00 0.14 11.97 0.01 0.23 0.04 1.28 3.67 5.10 0.05 0.09 99.99
PF�r122�r010 �r0.03 74.91 0.01 0.1 11.76 0.01 0.16 0.06 1.27 3.94 5.07 0.08 0.12 97.5 �r0.03 76.83 0.01 0.10 12.06 0.01 0.16 0.06 1.30 4.04 5.20 0.08 0.12 99.96
PF�r122�r011 0.01 74.96 0.01 0.11 11.66 0.01 0.18 0.08 1.21 3.97 5.13 0.05 0.13 97.49 0.01 76.89 0.01 0.11 11.96 0.01 0.18 0.08 1.24 4.07 5.26 0.05 0.13 100.02
PF�r122�r012 0.02 74.31 0.02 0.12 11.61 0.02 0.19 0.03 1.26 3.95 4.98 0.1 0.14 96.76 0.02 76.80 0.02 0.12 12.00 0.02 0.20 0.03 1.30 4.08 5.15 0.10 0.14 99.99
PF�r122�r013 0.03 75.41 0.02 0.13 11.74 0.02 0.11 0.05 1.27 3.59 4.97 0.12 0.11 97.56 0.03 77.30 0.02 0.13 12.03 0.02 0.11 0.05 1.30 3.68 5.09 0.12 0.11 100.01
PF�r122�r016 �r0.02 75.12 0.01 0.1 11.84 0.02 0.35 0.06 1.31 3.76 5.08 0.02 0.08 97.74 �r0.02 76.86 0.01 0.10 12.11 0.02 0.36 0.06 1.34 3.85 5.20 0.02 0.08 99.99
PF�r122�r017 0.03 75.02 0.02 0.09 11.57�r0.02 0.27 0.06 1.31 4.04 4.62 0.01 0.12 97.15 0.03 77.22 0.02 0.09 11.91�r0.02 0.28 0.06 1.35 4.16 4.76 0.01 0.12 99.99
PF�r122�r018 0.03 75.23 0.01 0.18 11.83 0.03 0.14 0.02 1.32 3.13 5.82 0.21 0.17 98.1 0.03 76.69 0.01 0.18 12.06 0.03 0.14 0.02 1.35 3.19 5.93 0.21 0.17 100.02
PF�r122�r019 �r0.01 77.25 0.02 0.15 12.06 0.05 0.29 0.1 1.34 4.11 5.29 0.01 0.12 100.77 �r0.01 76.66 0.02 0.15 11.97 0.05 0.29 0.10 1.33 4.08 5.25 0.01 0.12 100.01
PF�r122�r020 0.03 74.57 0 0.14 11.56 0.04 0.34 0.05 1.3 3.96 5.17 0.03 0.11 97.29 0.03 76.65 0.00 0.14 11.88 0.04 0.35 0.05 1.34 4.07 5.31 0.03 0.11 100.01
PF�r122�r021 �r0.02 75.83 0.01 0.09 11.68 0.01 0.32 0.03 1.24 4.12 5.13 0.04 0.1 98.6 �r0.02 76.91 0.01 0.09 11.85 0.01 0.32 0.03 1.26 4.18 5.20 0.04 0.10 99.98
PF�r122�r022 0.03 71.05 0.01 0.18 10.64 0.02 0.37 0.03 1.22 4.12 5.01 0.05 0.15 92.88 0.03 76.50 0.01 0.19 11.46 0.02 0.40 0.03 1.31 4.44 5.39 0.05 0.16 100.00
PF�r122�r023 0 67.95 0.01 0.14 10.28 0.02 0.35 0.05 0.98 3.09 4.37 0.07 0.23 87.55 0.00 77.61 0.01 0.16 11.74 0.02 0.40 0.06 1.12 3.53 4.99 0.08 0.26 99.99
PF�r122�r024 �r0.02 74.96 0.01 0.04 11.74�r0.01 0.37 0.1 1.33 3.82 5.34 0.06 0.19 97.95 �r0.02 76.53 0.01 0.04 11.99�r0.01 0.38 0.10 1.36 3.90 5.45 0.06 0.19 99.98
PF�r122�r025 0.03 73.01 0.02 0.16 11.22 0.05 1.43 0.03 1.12 3.56 4.92 0.02 0.1 95.68 0.03 76.31 0.02 0.17 11.73 0.05 1.49 0.03 1.17 3.72 5.14 0.02 0.10 99.99
PF�r122�r026 �r0.01 75.6 0 0.04 11.82�r0.02 0.17 0.05 1.2 4.17 4.75 0.04 0.2 98.04 �r0.01 77.11 0.00 0.04 12.06�r0.02 0.17 0.05 1.22 4.25 4.84 0.04 0.20 99.97
PF�r122�r027 0.01 75.37 �r0.02 0.16 11.83 0.04 0.22 0.04 1.07 3.64 5 0.06 0.09 97.51 0.01 77.29 �r0.02 0.16 12.13 0.04 0.23 0.04 1.10 3.73 5.13 0.06 0.09 100.00
PF�r122�r029 �r0.01 74.79 0 0.15 11.64 0.04 0.29 0 1.26 3.85 4.86 0.09 0.1 97.06 �r0.01 77.06 0.00 0.15 11.99 0.04 0.30 0.00 1.30 3.97 5.01 0.09 0.10 100.00
PF�r122�r030 0.02 72.64 0.02 0.19 11.37 0.02 0.31 0.06 1.42 3.48 4.62 0.03 0.13 94.31 0.02 77.02 0.02 0.20 12.06 0.02 0.33 0.06 1.51 3.69 4.90 0.03 0.14 100.00
A�rNS�r3�r0_3�r01�r01 �r0.01 68.79 0.04 0.06 10.49 0.04 0.37 0.07 0.89 2 5.6 0.04 0.16 88.54 �r0.01 77.69 0.05 0.07 11.85 0.05 0.42 0.08 1.01 2.26 6.32 0.05 0.18 100.00
A�rNS�r3�r0_3�r01�r02 0.02 72.42 0.03 0.08 11.42 0 0.33 0.09 0.88 3.71 4.55 0.08 0.14 93.75 0.02 77.25 0.03 0.09 12.18 0.00 0.35 0.10 0.94 3.96 4.85 0.09 0.15 100.00
A�rNS�r3�r0_3�r01�r03 0 72.12 0.01 0.07 11.36 0 0.33 0.03 0.93 2.87 5.35 0.06 0.14 93.28 0.00 77.32 0.01 0.08 12.18 0.00 0.35 0.03 1.00 3.08 5.74 0.06 0.15 99.99
A�rNS�r3�r0_3�r01�r04 �r0.04 73.29 �r0.01 0.06 11.33 0.01 0.33 0.04 0.87 3.66 4.62 0.01 0.15 94.38 �r0.04 77.65�r0.01 0.06 12.00 0.01 0.35 0.04 0.92 3.88 4.90 0.01 0.16 99.94
A�rNS�r3�r0_3�r01�r05 0 65.36 0.01 0.08 10.23 0 0.4 0.05 0.95 2.73 4.64 0.04 0.22 84.72 0.00 77.15 0.01 0.09 12.08 0.00 0.47 0.06 1.12 3.22 5.48 0.05 0.26 99.99
A�rNS�r3�r0_3�r01�r06 �r0.01 71.92 0.01 0.1 11.32 0.01 0.33�r0.01 0.89 3.26 4.96 0.08 0.15 93.03 �r0.01 77.31 0.01 0.11 12.17 0.01 0.35�r0.01 0.96 3.50 5.33 0.09 0.16 99.98
A�rNS�r3�r0_3�r01�r07 0.04 74.22 0.01 0.04 11.42�r0.01 0.33 0.06 0.88 3.88 4.55 0.05 0.15 95.62 0.04 77.62 0.01 0.04 11.94�r0.01 0.35 0.06 0.92 4.06 4.76 0.05 0.16 100.00
A�rNS�r3�r0_3�r01�r08 0.05 73.5 0.01 0.08 11.53 0.03 0.32 0.03 0.93 3.11 5.29 0.08 0.16 95.14 0.05 77.25 0.01 0.08 12.12 0.03 0.34 0.03 0.98 3.27 5.56 0.08 0.17 99.98
A�rNS�r3�r0_3�r01�r09 �r0.04 73.44 0 0.05 11.38 0.01 0.33 0.06 0.89 3.39 5.05 0.05 0.13 94.78 �r0.04 77.48 0.00 0.05 12.01 0.01 0.35 0.06 0.94 3.58 5.33 0.05 0.14 99.96
A�rNS�r3�r0_3�r01�r010 0.02 73.88 0 0.09 11.49 0 0.33 0.05 0.87 3.26 5.37 0.05 0.14 95.55 0.02 77.32 0.00 0.09 12.03 0.00 0.35 0.05 0.91 3.41 5.62 0.05 0.15 100.00
A�rNS�r3�r0_3�r01�r011 �r0.01 72.49 0.03 0.08 11.29 0 0.33 0.03 0.92 2.76 5.72 0.06 0.19 93.89 �r0.01 77.21 0.03 0.09 12.02 0.00 0.35 0.03 0.98 2.94 6.09 0.06 0.20 100.00
A�rNS�r3�r0_3�r01�r012 0.02 70.14�r0.01 0.05 10.7�r0.01 0.37 0.05 0.98 3.04 5.44 0.06 0.15 90.99 0.02 77.09 �r0.01 0.05 11.76�r0.01 0.41 0.05 1.08 3.34 5.98 0.07 0.16 99.99
A�rNS�r3�r0_3�r01�r013 0 66.47 0.01 0.07 10.51 0.02 0.37 0.05 0.92 2.49 4.86 0.02 0.27 86.06 0.00 77.24 0.01 0.08 12.21 0.02 0.43 0.06 1.07 2.89 5.65 0.02 0.31 100.00
A�rNS�r3�r0_3�r01�r014 0.01 73.85 0 0.05 11.63 0.03 0.33 0.02 0.89 3.92 4.53 0.08 0.13 95.48 0.01 77.35 0.00 0.05 12.18 0.03 0.35 0.02 0.93 4.11 4.74 0.08 0.14 99.99
A�rNS�r3�r0_3�r01�r015 0.03 73.63�r0.01 0.08 11.54 0.04 0.38 0.05 0.92 3.9 4.41 0.06 0.15 95.19 0.03 77.35 �r0.01 0.08 12.12 0.04 0.40 0.05 0.97 4.10 4.63 0.06 0.16 99.99
A�rNS�r3�r0_3�r01�r016 0.03 70.6 0.05 0.08 11.2 0.03 0.4 0.02 0.99 2.44 4.91 0.04 0.16 90.93 0.03 77.64 0.05 0.09 12.32 0.03 0.44 0.02 1.09 2.68 5.40 0.04 0.18 100.02
A�rNS�r3�r0_3�r01�r017 0 73.47 �r0.01 0.07 11.36�r0.01 0.33 0.06 0.8 3.74 4.57 0.09 0.14 94.63 0.00 77.64 �r0.01 0.07 12.00�r0.01 0.35 0.06 0.85 3.95 4.83 0.10 0.15 99.98
A�rNS�r3�r0_3�r01�r018 0.04 68.29 �r0.01 0.05 10.68 0.02 0.45 0.07 0.84 2.07 5.41 0.04 0.24 88.2 0.05 77.43 �r0.01 0.06 12.11 0.02 0.51 0.08 0.95 2.35 6.13 0.05 0.27 99.99



A�rNS�r3�r0_3�r01�r019 0 73.15 0.02 0.08 11.41�r0.02 0.38 0.09 0.93 3.66 4.46 0.05 0.14 94.36 0.00 77.52 0.02 0.08 12.09�r0.02 0.40 0.10 0.99 3.88 4.73 0.05 0.15 99.99
A�rNS�r3�r0_3�r01�r020 0.03 71.02 0 0.09 11.27 0.04 0.36 0.1 0.98 2.91 5.25 0.04 0.17 92.25 0.03 76.99 0.00 0.10 12.22 0.04 0.39 0.11 1.06 3.15 5.69 0.04 0.18 100.01
A�rNS�r3�r0_3�r01�r021 0.01 73.37�r0.01 0.07 11.38 0.03 0.34 0.02 0.89 3.86 4.38 0.02 0.15 94.52 0.01 77.62 �r0.01 0.07 12.04 0.03 0.36 0.02 0.94 4.08 4.63 0.02 0.16 99.99
A�rNS�r3�r0_3�r01�r022 �r0.01 68.56 0 0.07 10.52 0.03 0.32 0.06 0.89 1.72 5.62 0.05 0.14 87.98 �r0.01 77.93 0.00 0.08 11.96 0.03 0.36 0.07 1.01 1.95 6.39 0.06 0.16 99.99
A�rNS�r3�r0_3�r01�r023 0 73.87 0.01 0.06 11.53 0.01 0.33 0.05 0.91 3.73 4.58 0.04 0.15 95.27 0.00 77.54 0.01 0.06 12.10 0.01 0.35 0.05 0.96 3.92 4.81 0.04 0.16 100.00
A�rNS�r3�r0_3�r01�r024 �r0.01 74.36 0.02 0.12 11.59 0 0.32 0.06 0.87 3.69 5.01 0.06 0.12 96.23 �r0.01 77.27 0.02 0.12 12.04 0.00 0.33 0.06 0.90 3.83 5.21 0.06 0.12 99.98
A�rNS�r3�r0_3�r01�r025 0.01 74.17 0 0.07 11.57 0 0.32 0.03 0.84 3.81 4.51 0.05 0.15 95.54 0.01 77.63 0.00 0.07 12.11 0.00 0.33 0.03 0.88 3.99 4.72 0.05 0.16 99.99
A�rNS�r3�r0_3�r01�r026 �r0.03 73.64 �r0.01 0.04 11.49 0.01 0.32 0.08 0.92 2.5 4.36 0.03 0.14 93.52 �r0.03 78.74�r0.01 0.04 12.29 0.01 0.34 0.09 0.98 2.67 4.66 0.03 0.15 99.97
A�rNS�r3�r0_3�r01�r028 0.02 69.73 0.04 0.08 10.82�r0.01 0.52 0.05 0.86 2.79 5.29 0.11 0.15 90.44 0.02 77.10 0.04 0.09 11.96�r0.01 0.57 0.06 0.95 3.08 5.85 0.12 0.17 100.01
A�rNS�r3�r0_3�r01�r029 0.01 72.51 0 0.08 11.41 0.02 0.38 0.03 0.93 2.85 5.51 0.08 0.14 93.95 0.01 77.18 0.00 0.09 12.14 0.02 0.40 0.03 0.99 3.03 5.86 0.09 0.15 100.00
A�rNS�r3�r0_3�r01�r030 0.04 68.95 0.01 0.09 10.71 0 0.38 0.07 0.87 2.66 4.83 0.06 0.22 88.9 0.04 77.56 0.01 0.10 12.05 0.00 0.43 0.08 0.98 2.99 5.43 0.07 0.25 99.99
A�rNN�r2_26�r2_0�r01 0 74.71 0.02 0.09 11.75 0.01 0.35 0.08 0.92 4.1 4.34 0.04 0.14 96.56 0.00 77.37 0.02 0.09 12.17 0.01 0.36 0.08 0.95 4.25 4.49 0.04 0.14 99.99
A�rNN�r2_26�r2_0�r02 0.03 75.68�r0.03 0.09 11.75 0 0.3 0.1 1.01 4.14 4.55 0.05 0.17 97.86 0.03 77.33 �r0.03 0.09 12.01 0.00 0.31 0.10 1.03 4.23 4.65 0.05 0.17 99.98
A�rNN�r2_26�r2_0�r03 0.03 73.03�r0.01 0.07 11.4 0.03 0.37 0.07 0.92 3.18 5.12 0.03 0.14 94.38 0.03 77.38 �r0.01 0.07 12.08 0.03 0.39 0.07 0.97 3.37 5.42 0.03 0.15 100.00
A�rNN�r2_26�r2_0�r04 0.06 74.7 �r0.02 0.07 11.7 0 0.34 0.01 0.92 3.78 4.83 0.07 0.14 96.62 0.06 77.31 �r0.02 0.07 12.11 0.00 0.35 0.01 0.95 3.91 5.00 0.07 0.14 99.98
A�rNN�r2_26�r2_0�r05 0.03 74.52 0.02 0.08 11.72 0 0.34 0.03 0.83 4.09 4.55 0.07 0.13 96.41 0.03 77.29 0.02 0.08 12.16 0.00 0.35 0.03 0.86 4.24 4.72 0.07 0.13 100.00
A�rNN�r2_26�r2_0�r06 0.02 74.95�r0.01 0.1 11.77 0.03 0.35 0.05 0.94 3.91 4.67 0.02 0.13 96.94 0.02 77.32 �r0.01 0.10 12.14 0.03 0.36 0.05 0.97 4.03 4.82 0.02 0.13 99.99
A�rNN�r2_26�r2_0�r07 0.01 74.81 0.02 0.1 11.95 0.02 0.32 0.05 0.89 4.08 4.62 0.04 0.13 97.03 0.01 77.10 0.02 0.10 12.32 0.02 0.33 0.05 0.92 4.20 4.76 0.04 0.13 100.01
A�rNN�r2_26�r2_0�r08 0 70.33 0.03 0.04 10.86 0.02 0.35 0.06 0.86 2.28 5.73 0.03 0.17 90.75 0.00 77.50 0.03 0.04 11.97 0.02 0.39 0.07 0.95 2.51 6.31 0.03 0.19 100.01
A�rNN�r2_26�r2_0�r09 0.02 71.29 0.03 0.05 11.06 0 0.62 0.07 0.87 3.89 4.86 0.08 0.14 92.99 0.02 76.66 0.03 0.05 11.89 0.00 0.67 0.08 0.94 4.18 5.23 0.09 0.15 99.99
A�rNN�r2_26�r2_0�r010 0.01 63.9 0 0.07 9.93 0.02 0.46 0.05 0.76 2.56 4.66 0.04 0.3 82.77 0.01 77.20 0.00 0.08 12.00 0.02 0.56 0.06 0.92 3.09 5.63 0.05 0.36 99.99
A�rNN�r2_26�r2_0�r011 �r0.01 72.25 0.02 0.07 11.23 0.01 0.34 0 0.93 2.87 5.73 0.07 0.14 93.65 �r0.01 77.15 0.02 0.07 11.99 0.01 0.36 0.00 0.99 3.06 6.12 0.07 0.15 100.00
A�rNN�r2_26�r2_0�r012 0 74.67 0.02 0.07 11.7 0.01 0.37 0.04 0.86 3.79 4.99 0.04 0.14 96.71 0.00 77.21 0.02 0.07 12.10 0.01 0.38 0.04 0.89 3.92 5.16 0.04 0.14 99.99
A�rNN�r2_26�r2_0�r013 0.04 74.57 0.01 0.07 11.93 0.01 0.34 0.05 0.91 4.05 4.52 0.05 0.13 96.68 0.04 77.13 0.01 0.07 12.34 0.01 0.35 0.05 0.94 4.19 4.68 0.05 0.13 100.00
A�rNN�r2_26�r2_0�r014 0.04 74.88 0.03 0.06 11.66 0 0.34 0.06 0.92 4.1 4.48 0.06 0.14 96.77 0.04 77.38 0.03 0.06 12.05 0.00 0.35 0.06 0.95 4.24 4.63 0.06 0.14 100.00
A�rNN�r2_26�r2_0�r015 �r0.01 74.32 0 0.05 11.56�r0.01 0.33 0.06 0.88 4.12 4.43 0.07 0.13 95.96 �r0.01 77.45 0.00 0.05 12.05�r0.01 0.34 0.06 0.92 4.29 4.62 0.07 0.14 99.97
A�rNN�r2_26�r2_0�r016 0.02 73.91 0.01 0.07 11.61 0.02 0.36 0.06 0.91 4.08 4.49 0.08 0.15 95.76 0.02 77.18 0.01 0.07 12.12 0.02 0.38 0.06 0.95 4.26 4.69 0.08 0.16 100.01
A�rNN�r2_26�r2_0�r017 �r0.01 74.49 �r0.01 0.08 11.78 0.02 0.32 0.05 0.97 4.14 4.38 0.06 0.14 96.44 �r0.01 77.24�r0.01 0.08 12.21 0.02 0.33 0.05 1.01 4.29 4.54 0.06 0.15 99.97
A�rNN�r2_26�r2_0�r018 �r0.02 74.21 0.01 0.13 11.87 0.04 0.34 0.04 0.93 4 4.54 0.04 0.15 96.29 �r0.02 77.07 0.01 0.14 12.33 0.04 0.35 0.04 0.97 4.15 4.71 0.04 0.16 99.99
A�rNN�r2_26�r2_0�r019 0 73.75 0.01 0.08 11.65 0.01 0.35 0.05 0.9 3.83 4.57 0.09 0.11 95.4 0.00 77.31 0.01 0.08 12.21 0.01 0.37 0.05 0.94 4.01 4.79 0.09 0.12 100.00
A�rNN�r2_26�r2_0�r020 0.02 74.1 0 0.08 11.47 0.03 0.33 0.02 0.94 4.06 4.31 0.09 0.15 95.61 0.02 77.50 0.00 0.08 12.00 0.03 0.35 0.02 0.98 4.25 4.51 0.09 0.16 99.99
A�rNN�r2_26�r2_0�r021 �r0.02 74.27 0.01 0.11 11.81 0.01 0.35 0.04 0.87 4.05 4.43 0.08 0.14 96.15 �r0.02 77.24 0.01 0.11 12.28 0.01 0.36 0.04 0.90 4.21 4.61 0.08 0.15 100.00
A�rNN�r2_26�r2_0�r022 0.02 74.05 0.02 0.1 11.69�r0.01 0.35 0.06 0.89 3.93 4.62 0.06 0.13 95.92 0.02 77.20 0.02 0.10 12.19�r0.01 0.36 0.06 0.93 4.10 4.82 0.06 0.14 99.99
A�rNN�r2_26�r2_0�r023 0.02 73.63 0.01 0.11 11.71�r0.02 0.32 0.11 0.88 4.17 4.27 0.06 0.13 95.4 0.02 77.18 0.01 0.12 12.27�r0.02 0.34 0.12 0.92 4.37 4.48 0.06 0.14 100.00
A�rNN�r2_26�r2_0�r025 0.04 73.68 0.01 0.07 11.6�r0.02 0.32 0.04 0.9 3.93 4.46 0.07 0.15 95.26 0.04 77.35 0.01 0.07 12.18�r0.02 0.34 0.04 0.94 4.13 4.68 0.07 0.16 99.99
A�rNN�r2_26�r2_0�r026 0.02 73.86�r0.01 0.09 11.65 0 0.33 0.08 0.93 4.04 4.4 0.04 0.12 95.56 0.02 77.29 �r0.01 0.09 12.19 0.00 0.35 0.08 0.97 4.23 4.60 0.04 0.13 99.99
A�rNN�r2_26�r2_0�r027 0.02 74.38 0 0.07 11.67 0.01 0.17 0.03 1.28 3.36 5.05 0.07 0.17 96.28 0.02 77.25 0.00 0.07 12.12 0.01 0.18 0.03 1.33 3.49 5.25 0.07 0.18 100.00
A�rNN�r2_26�r2_0�r028 0.03 73.97 0.02 0.05 11.67 0.01 0.34 0.07 0.94 4.09 4.33 0.04 0.14 95.69 0.03 77.30 0.02 0.05 12.20 0.01 0.36 0.07 0.98 4.27 4.53 0.04 0.15 100.01
A�rNN�r2_26�r2_0�r029 0.06 71.4�r0.02 0.12 11.07 0 0.31 0.07 0.83 3.82 4.45 0.05 0.19 92.38 0.06 77.29 �r0.02 0.13 11.98 0.00 0.34 0.08 0.90 4.14 4.82 0.05 0.21 99.97



LANL results – CaOvs. FeO(wt %)
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Comparison of CaOvs. FeOfrom other sites
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Introduction 

 

Four samples from Site A, Trenches 1 and 2 of the LANL Pajarito Fault Paleoseismic 

Investigation were submitted for analysis by Richard M. Ortiz, PG, CEG, Senior Geologist, 

Lettis Consultants International, Inc. (LCI). Three of the four samples were amenable for 

paleomagnetic study and prepared into standard specimens. The one sample excluded from 

analysis was too coarse grained to obtain a reliable sample.  

 

 

Paleomagnetic and Rock Magnetic Methods 

 

Sample Preparation  

All samples were collected from a vertical trench wall as block samples and oriented in the field 

using a magnetic compass. The samples were then packaged and shipped to the New Mexico 

Highlands University Paleomagnetic-Rock Magnetic Laboratory. Three of the four block 

samples consisted of fine grained sediments and standard paleomagnetic specimens were 

prepared for these blocks (PM-T1-01; PM-T1-02; PM-T2-01); PM-T2-02 was too coarse grained 

to sample. An oriented sub-sample of each block was removed and soaked for 36 hours in a 

100% sodium silicate solution and then dried for 72 hours at 75°C. The sodium silicate solution 

was used to lithify the samples. The lithified samples were then cut into 1.7 mm cubes using a 

nonmagnetic saw blade with three specimens per sample obtained.  The specimens were than 

placed into 7 cm3 plastic paleomagnetic sample boxes and secured with kimwipes to prevent 

movement of the material during analysis. One representative sample from each block was 

prepared for Curie point analysis which involved crushing ~ 2 grams of un-lithified sediment 

into a fine powder using a hand mortar and pestle. Approximately, 0.5 g of powered material was 

loaded into separate quartz tubes for each analysis (Figure 1). 

 

Analytical Methods  

Prior to paleomagnetic analysis, low-field susceptibility versus temperature experiments were 

conducted to identify the mineral phase(s) that carry the overall remanence, the quantity, 

composition, and grain size of the magnetic phase(s) present. Continuous low-field susceptibility 
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versus temperature measurements involved stepwise heating/cooling from 25°C to 700°C to 

40°C in an Argon atmosphere using a CS4 furnace attachment for AGICO MFK1-A multi-

function kappabridge operating at low alternating field of 200 A/m at 976 Hz. These experiments 

allow for an evaluation of the magnetic mineral composition based on Curie point estimates and 

assist with revealing mixtures of magnetic phases within a given sample. Curie point estimates 

are typically determined either by the Hopkinson Peak (Hopkinson 1890) or inflection point 

methods (Tauxe 1998).  

 

Remanent magnetizations of all samples were measured using an AGICO JR6A dual-speed 

spinner magnetometer at the New Mexico Highlands University Paleomagnetic-Rock Magnetic 

laboratory. Specimens were progressively alternating field (AF) demagnetized, typically in 10 to 

20 steps, to a maximum field of 120 mT using a ASC Scientific D-TECH 2000 AF-

demagnetizer. Principal component analysis (PCA; Kirschvink 1980) was used to determine the 

best-fit line through selected demagnetization data points for each sample. For most samples, a 

single best-fit line could be fitted to the demagnetization data points. Best-fit magnetization 

vectors involved 5 to 18 data points, but as few as 3 to as many as 20 were used. Magnetization 

vectors with maximum angular deviation values greater than 5° were not included in site mean 

calculations. For less than 10 % of the demagnetization results, it was necessary to anchor the 

magnetization vector to the origin. Individual sample directions were considered outliers and 

rejected from the site mean calculation if the angular distance between the sample direction and 

the estimated site mean was greater than 18°.   

 

Paleomagnetic and Rock Magnetic Results 

General demagnetization behavior results   

The nine specimens from the three block sample sites collected for paleomagnetic analysis all 

yielded interpretable, normal or reverse polarity demagnetization results (Table 1). The overall 

progressive AF demagnetization response is characterized by a near linear trend to the origin for 

most samples that is defined over a broad range of peak fields. Most samples yielded a single-

component magnetization that decayed linearly to the origin with less than 10 % of the NRM 

remaining after treatment in 120 mT applied field. A few samples contained additional low 

coercivity viscous remanent magnetization (VRM) components that were readily randomized by 
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20 mT. Once the VRM was removed, the remaining magnetization decayed along a linear trend 

to the origin with less than 10 % of the NRM remaining after treatment in the peak applied field. 

We analyzed three specimens from each block sample to compare the repeatability between 

samples from the same block. Overall, the dispersion between the specimens from the same 

block is low demonstrating the repeatability of the analysis. The high alpha 95 (�.95) of the mean 

reflects that only three specimens were used to calculate a site mean direction.  

 

Paleomagnetic data were obtained from three of four sites collected in the LANL Pajarito Fault 

Site A, Trenches 1 and 2. The three sites yield well-defined normal or reverse polarity 

magnetization directions (Figure 2; Table 1). Site PM-T1-01 yields a reverse polarity 

magnetization of D = 195.6º, I = -63.2º, �.95 = 21.3º, n=3. Site PM-T1-02 yields a normal polarity 

magnetization of D = 352.4º, I = 46.8º, �.95 = 13.6º, n=3. Site PM-02-01 yields a reverse polarity 

magnetization of D = 350.5º, I = -17.2º, �.95 = 19.1º, n=3.  Two sites (PM-T1-01 and PM-02-01) 

are statistically distinguishable at 95% confidence level from the expected Late Pliocene to 

Pleistocene normal or reverse polarity field directions (D = 351.5º/171.5°, I = 49.1°/-49.1º, �.95 = 

6.7º) while site PM-T1-02 is statistically indistinguishable at 95% confidence level to the Late 

Pliocene to Pleistocene normal polarity field direction based on data summarized by Besse and 

Courtillot (2002). 

 

Low-Field Susceptibility versus Temperature 

Three samples yielded a spectrum of results that vary from somewhat reversible curves to more 

complex irreversible curves with two or more Curie point estimates. During heating, all of the 

samples monotonically increased in susceptibility followed by a decrease (a “bump”) in 

susceptibility over the interval from 350 ºC to 360 ºC. During the cooling stage, the bump was 

not observed, which was interpreted to reflect the homogenization of exsolved Fe-Ti oxide 

phases into a single titanomagnetite phase during the heating; likely coarse-grained maghemite, 

an Fe sulfide phase, or exsolution lamellae of ilmenite in Ti-magnetite which homogenize to 

ulvöspinel during heating (Figure 3; Table 2; Özdemir and O’Reilly 1981; Özdemir and 

O’Reilly, 1982). On further heating, all samples show a rapid drop in susceptibility at their Curie 

point between 559°C to 588°C consistent with a low-Ti titanomagnetite phase. The 
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thermomagnetic results indicated that the dominant magnetic mineral in all of the samples is a 

ferromagnetic phase, most likely low-Ti titanomagnetite and titanomagnetite.  

 

 

Discussion  

 

The thermomagnetic data indicate that low-Ti titanomagnetite and titanomagnetite carry the 

remanence and based on these data we argue that the paleomagnetic data represent geologically 

stable remanence directions that accurately recorded that the paleofield direction at the time of 

deposition. The demagnetization experiments isolate normal, reverse, and transitional polarity 

field behaviors consistent with time transgressive deposition of the sediments from LANL 

Pajarito Fault Site A, Trenches 1 and 2.  Site PM-T1-02 plots on the present day normal polarity 

field direction while the other two sites yield reverse polarity magnetization that plot greater than 

expected from the Late Pliocene to Pleistocene reverse polarity field direction. Although we can 

not conclusively provide an absolute deposition age, we interpret these data to indicate that the 

sediments sampled in this study were deposited during different polarity events (normal versus 

reverse polarity) and one sample was likely deposited during a transitional field or reflects high-

amplitude secular variation.  

 

Correlation of Beds and Implications of the Results  

 

Based on the paleomagnetic data from this study and the geologic background information 

provided by Lettis Consultants International, site PM-T1-02 was deposited during the normal 

polarity Brunhes Chron following the last polarity reversal at 780 ka (Cande & Kent 1995). Site 

PM-T1-01 yields a reverse polarity magnetization that is near the expected Pleistocene reverse 

polarity field direction and arguably is older than 780 ka; although we can not rule out that these 

results may be consistent with a short lived reverse polarity event that occurred during the 

Brunhes Chron between 493–504 ka (Cande & Kent 1995). While in outcrop PM-T1-01 and 

PM-T1-02 appear to occupy very similar stratigraphic horizons, it is probable that an 

unconformity exists between the two sampling locations. Site PM-T2-01 plots greater than 45° 

from the normal or reverse polarity expected fields. This type of behavior is commonly referred 
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to as geomagnetic events or 'reversal excursions' (Verosub, K.. 1977; Merrill and McElhinny, 

1983; Valet and Meynadier, 1993; Gubbins, 1999). Several excursions have been noted in the 

Brunhes and the Matuyama Chrons and thus we can not conclusively assign an age to this event. 

We speculate that these data my correlate to the Cobb Mountain or Jaramillio event or another 

polarity event in the Brunhes or Matuyama Chrons.  

 

Conclusions 

The results from the paleomagnetic study from the LANL Pajarito Fault Paleoseismic 

Investigation Site A, Trenches 1 and 2 yield data consistent with significant time between 

depositional events for the sampled sites. It is probable that site PM-T1-02 was deposited during 

the normal polarity Brunhes Chron, site PM-T1-01 could have been deposited earlier during the 

Matuyama Chron; although we can not rule out the possibility that it was deposited post-780 ka 

during a short lived polarity reversal. It is probable that an unconformity exists between PM-T1-

01 and PM-T1-02. Site PM-T2-01 plots greater than 45° from the normal or reverse polarity 

expected fields and likely represents transitional field behavior.  

 

References 
 
Besse J. and Courtillot V., 2002, Apparent and true polar wander and the geometry of the 
geomagnetic field over the last 200 Myr. J Geophys Res: Solid Earth 107: 6–31 
 
Cande, S. C., and D. V. Kent, 1992, A new geomagnetic polarity timescale for the late 
Cretaceous and Cenozoic, J. Geophys. Res., 97, 13,917–13,951.  
 
Gubbins, D., 1999, The distinction between geomagnetic excursions and reversals, Geophys. J. 
Int., 137, F1–F3. 
 
Hopkinson, J., 1890, Magnetic properties of Alloys of Nickel and Iron, Proc. R. Soc. London 48, 
p.1-13, 
 
Kirschvink, J.L., 1980, The least-square line and plane and the analysis of paleomagnetic data. 
Geophys J Roy Astron Soc 62: 699–718 
 
Merrill R.T. McElhinny M.W. 1983 The Earth’s Magnetic Field (Its History, Origin and 
Planetary Perspective) , Academic Press, San Diego. 
 
Özdemir, O. and O'Reilly, W., 1981, High-temperature hysteresis and other magnetic properties 
of synthetic monodomain titanomagnetites. Phys. Earth Planet. Ints. 25, 406-418.  

 6



 7

 
Özdemir, O. and O'Reilly, W., 1982, Magnetic hysteresis properties of synthetic monodomain 
titanomaghemites, Earth Planet. Sci. Letters, 57, 437-447. 
 
Tauxe L., 1998, Paleomagnetic principles and practice, vol. 17 of modern approaches in 
geophysics. Kluwer, Dordrecht, 316 pp. 
 
Valet, J. P., and L. Meynadier, Geomagnetic field intensity and reversals during the past four 
million years, Nature, 366, 234–238, 1993. 
 
Verosub K. 1977, Geomagnetic excursions and their paleomagnetic record, Rev. Geophys. Space 
Phys.  15 145 155 



Report Figures  
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Figure 1. Representative sub-samples of the three block samples analyzed for 
paleomagnetic study. Larger blocks are lithified subsamples, powders were used for 
Curie point analysis, and plastic boxes are specimens used for paleomagnetic analysis.  
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Figure 2. Paleomagnetic results from three of four sites collected in the LANL Pajarito 
Fault Site A, Trenches 1 and 2 showing the site mean directions from each block 
analyzed. The block means are projected on to a lower (solid)/upper (open) hemisphere 
equal area stereographic projection, ellipse is the 95% confidence interval about the mean 
direction.  
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Figure 3. Low field susceptibility versus temperature experiments. The results are 
consistent with titanomagnetite with a low Ti composition of a SD to PSD grain size and 
evidence of an Fe-sulfide phase or coarse grained titanomaghemite.  
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EXPLANATION:   N/No, number of specimens means used in site mean to total number 
of specimen means at the section; Dec/Inc, site declination and inclination; R, resultant 
vector length; �.95, 95% confidence interval of the estimated site mean direction 
assuming a circular distribution; k, best estimate of (Fisher) precision parameter. VGP 
Lat/Long, latitude and longitude of the virtual geomagnetic poles of VGP. 
 
 
 

Table 2. Curie Point Estimates and Titanium Content 
Site Low-T Hopkinson Peak Inflection Point Ti - Content 
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EXPLANATION: *indicates our preferred estimate of the Curie point for the samples. 
Low-field susceptibility versus Temperature experiments provide a quantitative means to 
estimate mineral composition based on the Curie point when a single magnetic phase is 
present within the sample (e.g., titanomagnetite).  
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Introduction 

Los Alamos National Laboratory (LANL) has embarked on the periodic process of updating the 
Probabilistic Seismic Hazard Analysis (PSHA) for the facility as required by the Nuclear 
Regulatory Commission. A key element of this update is to refine knowledge of prehistoric large 
earthquakes on the Pajarito fault system (PFS), which is located along the western margin of 
LANL. LANL has contracted Lettis Consultants International (LCI) to conduct paleoseismic 
studies to better evaluate the history of Holocene surface ruptures on the PFS. LCI has 
identified three sites for targets of paleoseismic studies and excavated two trenches at Site A, 
which is located on a down-to-the-west, antithetic fault strand of the main PFS. 

On November 2^3, 2016, we conducted a two-day field review as the External Expert Review 
Team (EERT). Our review followed the initial mapping and interpretation of the trenches by LCI 
geologists and a technical expert team. Members of the LCI Mapping Team present during our 
field review included John Baldwin, Robert Givler, and Ross Hartleb. The interpretations and 
trench logs that we reviewed represented the collective efforts of the entire LCI Mapping team, 
which included the LCI team members listed above as well as technical experts Susan S. Olig, 
Michael N. Machette, and Thomas K. Rockwell. During our field review, other LANL geoscience 
experts visited the site and participated in various tasks including sampling and describing 
stratigraphic units for future analyses. The LANL staff members included Emily Schultz-Fellenz 
(Technical Lead), Rick Kelley, Giday Woldegabriel, Erika Swanson, Dea Musa, and Elizabeth 
Miller. These individuals also participated in the general discussions related to the ages and 
characteristics of various stratigraphic deposits and tephra units in the study area. 

The LCI mapping team provided each of us with high-quality photomosaic images of the trench 
walls that were generated from a computer program that merges and rectifies dozens of 
individual photographic images. These photomosaic images contained flagging on a few 
prominent stratigraphic contacts but did not include any major structural interpretations. Each 
of us recorded independent observations and comments on the photomosaics and in field 
notebooks. This document contains the composite summary of the key conclusions of the EERT. 
These conclusions are the result of our own independent observations as well as discussions 
between the EERT, the LCI geologists that were present during our review, and LANL 
geoscientists. 

The Site A Trench Site 

The two trenches at Site A were excavated across a down-to-the-west antithetic fault along the 
PFS on the north side of Water Canyon. The trench site is located approximately 100 m east of 
NM Highway 501, in an area where the cumulative vertical displacement on the adjacent main, 
down-to-the-east Pajarito fault scarp is on the order of 100�F120 m. The trench site is 
approximately 27 m above the modern channel of Water Canyon (Figure 1). 
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The main fault in the northern trench at Site A, trench T1, was located at 35.83957° N., 
106.35795° W., at the base of a 1.5-m-high bedrock scarp in the ca. 1.2 Ma Tshirege Member of 
the Bandelier Tuff (Qbt). This trench extended about 24 m westward from the bedrock scarp. 
The 35-m-long trench T2 was located about 50 m south of T1 at a site where no bedrock was 
exposed at the surface. The main fault in T2 was located at 35.83913° N., 106.35800° W. In T2, 
the main fault consisted of a single, well-defined main fault plane in the trench’s southern wall, 
but a set of three or more splays in the northern wall. 

The two trenches at this site provided a record of post-Qbt deformation on the antithetic fault 
at the site. 

 

Figure 1.  Google Earth image showing the location of trenches T1 and T2 across the antithetic 
fault at Site A. North is to the right. The main scarp of PFS is located across NM State Highway 
501 to the west of the site. 

 

The preliminary documentation and logging of the two trenches was sufficiently complete to 
allow for review of the mapping and preliminary interpretations of the stratigraphic and 
structural features in the trenches. Additional more-detailed mapping and refinement of the 
logs were completed during our review, partly in response to comments and discussions 
between the EERT and LCI Mapping Team members. 
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The EERT concluded that the two-day duration of the review was adequate to fully evaluate the 
trench exposures and site’s local geomorphology. The two-day review allowed us to 
independently examine the exposures and the detailed mapping (logs), and to discuss our 
observations and interpretations of the LCI Mapping team. We recommend that similar amount 
of time be allocated to future reviews, assuming similar sizes of trench exposures and similar 
levels of complexities of trench stratigraphy and structural features.  

Chronology of Deformational and Depositional Events: 
Observations and Comments 

TRENCH 1 

This trench extended westward from a prominent north-south- trending, west-facing, scarp in 
Qbt. It was excavated down to the top of Qbt in the hanging wall of the antithetic fault. It did 
not extend into Qbt on the footwall to the east. 

Stratigraphy 
(old to young) 

Comments Deformation features Surface Deformation 
Event 

Deposition of 
Tshirege Member of 
Bandelier Tuff (Qbt) 
(1.2 Ma) 

A dark clay unit is 
present directly 
above the 
unconformity on top 
of Qbt. (LCI refers to 
this as a “beta” 
horizon). This unit 
probably represents 
either a clay-rich 
weathering horizon 
or possibly a clay 
accumulation at the 
contact between 
permeable deposits 
above and the 
relatively 
impermeable Qbt. 
 

Prominent flexure in 
the top of Qbt at 
approximately 8 m 
from the western 
end of the trench. 
This flexure point 
coincides with open 
fissures and large 
cracks in Qbt. The 
overlying Cerro del 
Medio ash has 
uniform thickness 
across the flexure 
point, indicating that 
the flexing post-dates 
deposition of the ash. 

No obvious surface 
expression of this 
flexure.  

Deposition of Qoa-
massive unit 

Deposition of Qoa 
occurred prior to 
incision of the 
present drainages. 

Lower part of the 
Qoa massive unit 
appears to infill the 
largest fissure (~16 m 
west of main fault 
zone). The “beta” 
unit in this area also 

Post formation of 
“beta” horizon and 
pre-Qoa-massive unit 
deposition 
faulting/fracturing 
event(s). 
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appears to be 
displaced or 
deformed by the 
faulting event. 
 
Fractures in massive 
unit appear to 
originate from same 
area, but do not 
appear to extend 
above the reworked 
ash. 

Fractures in Qoa-
massive unit suggest 
a deformation event 
may have occurred 
prior to deposition of 
the overlying 
reworked ash. 

Qoa- reworked ash Preliminary chemical 
analysis suggests this 
ash is associated with 
Cerro del Medio 
eruptions (ca. 1.1 
Ma). Evidence of 
fluvial reworking of 
ash: thin laminations. 
Steve Reneau noted 
that the stratigraphic 
position in Qoa (near 
base and associated 
with reworked 
pumice-rich 
sediments) is typical 
of other areas where 
he has observed this 
ash unit (e.g., 
Pajarito Mesa, TA-
67). 
He notes that 
exposures of Qoa are 
generally preserved 
in localized grabens 
or structural lows. 

Locally this unit is 
vertically displaced 
7–10 cm by small, 
second-order faults 
in the hanging wall 
(see below). 

Small faults do not 
extend upward to the 
surface (see below). 

Qoa- thin bedded silt  Small-scale faults 
(with apparent 
reverse 
displacements) offset 
the thin-bedded silt 
and underlying 
reworked ash the 

Development of 
graben and fracturing 
in Qbt: 
Significant 
deformation/flexing 
event (monoclonal 
folding/tilting) and 
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same amount (~2 cm 
to maximum 7 1̂0 
cm along individual 
faults). Deformation 
cannot be traced into 
overlying pumice-rich 
pebbly unit. 
 
Some of the small-
scale faults have 
increasing 
displacements 
upward, which 
support the 
interpretation that 
they are flexural-slip 
faults. 
 
The dips of the 
reworked ash and 
bedded silt units in 
Qoa are subparallel 
to the dip of the 
unconformity at the 
top of Qbt. 

minor faulting of the 
Qoa units in the 
graben (slope of 
Qoa/Qbt of 0.24) 
appears to post-date 
deposition of the 
bedded silt unit.  
 
Fissure fills 
associated with fault 
zone adjacent to 
bedrock scarp: 
Sets of possibly 3–4 
old fissure infills 
appear to pre-date 
fissure fill from MRE. 
Oldest fissure fill 
incorporates rip-up 
clasts of Qbt (in 
headwall of trench). 
Fills include a fine-
grained fissure fill, 
one or two coarser 
infills that cross cut 
the fine-grained fill. A 
clay rich infill may 
correlate with the 
upper scarp-derived 
colluvium (sc2 in T2) 
and related post-
event fines in T2. It is 
assumed that 
comparable Bt 
horizons formed in 
both trenches in this 
fine-grained unit 
after the sc2 event. 

Incision and 
subsequent infilling 
of fluvial channel in 
eastern half of trench 

Deposits that fill 
channel have well-
developed Bt 
horizon, which is 
evidence that 
deposits are probably 
many tens to 

The base of the 
channel does not 
appear to be 
significantly tilted 
suggesting that tilting 
of Qoa units is 
associated with one 
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perhaps hundreds of 
thousands of years 
old. 

or more of the early 
fissure-fill events 
recorded in the main 
fault zone.   

Late Pleistocene 
volcanic eruptive 
event and 
subsequent erosion 

The ca. 74 ka El 
Cajete pumice (Qec) 
covered the 
landscape at Site A 
based on its presence 
~0.2 km to the north 
and in surrounding 
areas. The absence of 
this pumice in the 
trenches is evidence 
of a significant period 
of late Pleistocene 
erosion that stripped 
Qec from Site A. 

  

Formation of Bt 
horizon on Qoa and 
fluvial channel 
deposit 

The Bt soil horizon in 
T1 is not as well 
developed as the Bt 
exposed in T2. 
Nevertheless, the Bt 
in T1 represents a 
significant time 
interval for soil 
development. It is 
unclear if this Bt 
formed prior to and 
was buried by Qec or 
if there has sufficient 
time after deposition 
and stripping of Qec 
to form a such a well-
developed Bt  

  

Deposition of light-
colored “E-horizon” 
colluvium/slope wash 
(E colluvium) 

A weak, 
discontinuous A/E 
soil has formed on 
the surficial deposits 
of colluvium/slope 
wash. The lack of 
pedogenic clay in the 
soil suggests that the 
deposits are 

At the main fault 
zone, this E-
colluvium unit 
appears to be faulted 
in the most recent 
event (MRE). 
E-colluvium sediment 
appears to be 
incorporated in a 

Lack of weathering in 
the youngest fissure-
fill suggests that the 
MRE is likely 
Holocene or latest 
Pleistocene in age. 



 8 

relatively young 
(probably latest 
Pleistocene or 
Holocene in age). 

fissure fill that post-
dates the MRE. This 
E-colluvium fill 
contains clasts of the 
underlying Bt 
horizon. 

Post-E colluvium fill 
(in south wall of main 
fault zone only) 

Thin (max. 8–10 cm), 
wedge-shaped 
deposit that fills 
small depression 
adjacent to bedrock 
scarp. Composed of 
mixture of light-
colored E colluvium 
and organic-rich A 
horizon resulting in 
mottled appearance. 

Unit overlies fissure 
fill attributed to the 
MRE and appears to 
be undeformed. 
Thus, it apparently 
post-dates the MRE. 

 

Modern slope wash 
and A horizon 
development 

Dark, gray-black, 
organic-rich A 
horizon that is 
forming at the 
modern ground 
surface. 

Continuous across 
fault zone and along 
length of trench. 
Undeformed. 

 

 

TRENCH 2 

This 34-m-long trench was excavated across a broad, westward-sloping surface that lacks a 
distinct topographic scarp. Faults exposed in the trench strike northwest-southeast and north-
south. The northwest-striking faults generally cut across the north-south trending structures. 
Given the east-west extension direction that is responsible for normal slip on the PFS, the 
northwest-trending faults likely have a component of right-lateral strike-slip and are 
interpreted to be part of a transfer zone between the north-south, main fault in trench T1 and 
an unidentified, north-south antithetic fault to the south and west of the T2 trench. Trench T2 is 
approximately 50 m south of and parallel to trench T1. 

Stratigraphy 
(old to young) 

Comments Deformation features Surface Deformation 
Event 

Deposition of 
Tshirege Member of 
Bandelier Tuff (Qbt) 
(1.2 Ma) 

A dark clay unit is 
present directly 
above the 
unconformity on top 
of Qbt. (LCI refers to 

The main fault is 
expressed as a 1.5-m-
high, west-facing 
step in the top of Qbt 
approximately 8.5 m 

The deformation in 
Qbt at T2 is not 
expressed at the 
surface. 
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this as a “beta” 
horizon). This unit 
probably represents 
either a clay-rich 
weathering horizon 
or possibly a clay 
accumulation at the 
contact between 
permeable deposits 
above and the 
relatively 
impermeable Qbt. 
 
This unit is 
considerably thinner 
and less prominent 
compared to the 
“beta” unit on Qbt in 
T1. The “beta” 
horizon in T2 is 
commonly on 1–2 cm 
thick. The reason for 
this difference is not 
clear, but may be 
associated with a 
younger age for the 
basal T2 alluvial unit. 
 
 

(south wall of trench) 
and 9.5 m (north 
wall) from the 
eastern end of the 
trench.  
 
A small-displacement 
fault (near the 
eastern end of the 
trench) trends NW 
and appears to 
truncate a N-trending 
fault (based on 
exposures in the 
floor of the trench). 
 
The unconformity on 
the top of Qbt 
between the main 
fault and an apparent 
down-on-the-east 
fault 24 m from the 
eastern end gently 
slopes to the west 
(slope of ~0.16). 

Fluvial deposits 
(black flags at base; 
purple flags at top) 

Deposits consist of 
laterally variable 
coarse sand and 
small gravel, with 
distinct cobble gravel 
channel near base of 
unit in western end 
of trench. Cobble 
gravel appears to be 
cut by younger 
channel filled with 
coarse sand at point 
about 4 m from 
western end of 
trench. This channel 

These deposits 
appear to thicken 
above the east-facing 
step in the top of Qbt 
(24 m from east end 
of trench). This step 
coincides with a 
down-to-the-east 
fault (about 5 cm of 
throw) on top of Qbt. 
There is a 
concentration of 
fractures within 1–2 
m of the channel and 
small fault; most of 

A faulting event likely 
produced a scarp in 
the top of Qbt prior 
to deposition of this 
unit because this 
deposit appears to 
thin to the east, 
against the tilted 
surface of Qbt. 
 
There is evidence to 
suggest that two 
deformation events 
may have affected 
this unit. About 4 m 
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is located adjacent to 
small, down-to-west 
step in Qbt (see 
discussion of 
Deformation 
Features).   
 
LCI preliminary 
interpretation is that 
the top of this unit 
(purple flags) may 
roughly correlate 
with reworked ash in 
T1.  However, this 
unit is not pumice 
rich like the Qoa 
deposits in T1.  
 
S. Reneau suggested 
that the entire 
package of fluvial and 
debris-flow deposits 
in T2 may be younger 
than the Qoa in T1 
based on the 
dissimilar 
stratigraphy and the 
proximity to Water 
Canyon. This seems 
possible if the Qoa-
reworked ash in T1 is 
1.1 Ma Cerro del 
Medio. These fluvial 
deposits could be as 
much as 1 million 
years old and still be 
younger than the 
Qoa deposits in T1. 
Based on its 
topographic location, 
relatively high above 
Water Canyon and 
the tributary 
drainage to the west, 

these fractures 
terminate at the top 
of this unit (purple 
flags).  The spatial 
coincidence of the 
small fault, the 
incised channel in the 
cobble gravel, and 
the density of 
fractures suggests 
that all three may be 
related. 
 
The lowest, light-
colored fissure fill in 
eastern part of the 
main fault zone 
(south wall) may be 
evidence of the 
oldest post-Qbt 
faulting event. 
 
In addition, the 
deposits seem to dip 
to the west, along 
with the top of Qbt. 
This is consistent 
with previous studies 
that showed down-
to-the-west tilting of 
this part of the 
Pajarito Plateau 
towards the main 
Pajarito fault 
escarpment. 

from the western 
end of the trench, 
the infilled, coarse-
sand channel that sits 
above a fracture 
zone in Qbt may have 
been localized above 
fractures formed 
during an event that 
post-dated the 
deposition of the 
lower coarse cobble 
gravels. Movement 
on this fracture zone 
may have induced 
cutting and filling of a 
younger channel into 
the cobble gravel. 
Following deposition 
of this entire unit 
another deformation 
event may have 
produced the 
fractures that largely 
terminate at the top 
of the unit (purple 
flags) 
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it is clearly pre-Qec 
(pre- ca. 74 ka El 
Cajete pumice) in 
age. 

Deposition of coarse 
debris-flow deposits 

The fluvial deposits 
are capped by a 
distinctive section of 
boulder-cobble 
debris flows. These 
flows appear to have 
locally scoured into 
the underlying fluvial 
deposits prior to or 
during deposition of 
the coarser flows. 
These deposits are 
capped by a well-
developed Bt 
horizon. 

At the main fault 
zone, this unit abuts 
two or more 
generations of fissure 
fill. At least one of 
these fills post-date 
deposition of debris 
flows. 

Based on their 
thicknesses, the 
older fissure fills 
appear to represent 
larger displacement 
events than the 
younger post-Bt 
event(s). 

Deposition of lower 
scarp-derived 
colluvium (sc1) 

Coarse, poorly 
sorted, cobbly, sandy 
gravel with base that 
is roughly defined by 
west-dipping 
alignment of large 
pebbles and small 
cobbles. 

Lower scarp-derived 
colluvium (sc1) is 
deposited above the 
fissure fill(s). 
Western edge of unit 
abruptly terminates 
against debris-flow 
unit; this steep, east-
dipping contact 
defines the location 
of an antithetic fault 
to the main fault 
zone in T2. 

No surface 
expression of 
deformation 
associated with this 
feature. 

Deposition of upper 
scarp-derived 
colluvium (sc2) 

Composed of coarse, 
cobble-rich colluvium 
shed off of now 
eroded scarp. 
Deposit is locally 
about 40 cm thick. 
Paleoscarp would 
trend northwestward 
obliquely across the 
trench. Alignment of 
east-dipping set of 
cobbles above 

Easternmost end of 
sc2 may extend onto 
footwall of fault; it 
may have buried the 
eroded free-face of 
the fault scarp. 

No surface 
expression of 
deformation 
associated with this 
feature. 
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antithetic fault 
(discussed above) 
suggest that a 0.5-m-
wide trough was 
present adjacent to 
scarp when sc2 was 
deposited. Deepest 
part of trough 
coincides with 
graben between 
main fault and 
antithetic fault. 
Deepest part of the 
trough filled with 
fine-grained deposits 
(see below). 
Depositional slope of 
sc2 and associated 
deposits were likely 
toward the SW, in a 
direction that is 
oblique to the trench 
walls.  

Deposition of fine-
grained sediment 
that contains 
scattered pebbles 
and small cobbles (Bt 
fine). Strong Bt 
horizon has 
developed on this 
unit and the 
underlying sc2 
deposits. 

Fine-grained 
sediment composed 
mainly of clay and 
some silt that may 
have eolian 
component. Includes 
slope wash deposits 
that contain pebbles 
and cobbles. Unit is 
present along entire 
length of the trench. 
The deposit thickens 
in the fissure zone of 
the main fault.  
 
Unit has strong 
prismatic structure 
with well-developed 
ped faces. Based on 
the strength of the Bt 
horizon, this unit 

This unit (Bt fine) is 
locally warped 
(folded) and faulted 
in proximity of places 
where underlying 
units are faulted or 
deformed.  
 
At main fault zone 
(south wall), the 
contact between the 
basal Bt and 
underlying coarser 
sand (top of sc2) is 
vertically displaced 
approximately 15 cm. 
Top of the Bt above 
this displacement is 
warped with vertical 
relief of about 5–10 
cm. 

Warping (south wall) 
and small vertical 
offset (north wall) of 
unit is evidence of at 
least one post-Bt 
faulting event.  
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probably represents 
a weathering interval 
that spans many tens 
if not a few hundreds 
of thousands of 
years.  

 
Ped faces are 
typically vertical but 
are locally tilted 
where Bt has been 
warped by younger 
deformation. 

Deposition of light-
colored “E horizon” 
colluvium/slope wash 
(E colluvium). (Base 
of unit marked by 
yellow flags). 

Light-colored 
colluvial unit 
probably composed 
of slope wash. 
Ranges in thickness 
from a few 
centimeters to as 
much as 10–15 cm. 
Appears to fill in 
microtopography on 
top of Bt unit. It is 
thickest and 
commonly contains 
basal stone line in 
topographic swales, 
whereas it thins and 
is composed of only 
sand-size sediment 
over top of minor 
topographic ridges. 
These ridges and 
swales correspond to 
warps and minor 
fault displacements 
in the underlying Bt 
horizon. 
 
Locally, there may be 
evidence of minor 
scouring (channeling) 
of the underlying 
surface by overland 
flow during 
deposition of this 
unit. 
 

E colluvium is 
generally continuous 
and apparently 
undeformed along 
entire length of 
trench with 
exception of two 
locations adjacent to 
the main fault zone 
(See next section). 

Observations of two 
small-scale features 
(one on each wall of 
T2) suggest a 
possible deformation 
event that occurred 
after deposition of 
the E colluvium. This 
possible post-E-
colluvium 
deformation event 
would suggest that 
two deformation 
events have occurred 
since development of 
the Bt horizon. The 
post-E-colluvium 
event is suggested by 
the following 
observations: 
 
South wall of T2: the 
E colluvium may be 
vertically displaced 
approximately 5 cm 
along the same fault 
strand that displaced 
the base of the Bt 
horizon by 15 cm.  
 
North wall: there 
appears to be a 
distinct, abrupt 
down-to-the west 
step in the contact 
between the Bt and 
the E colluvium. 



 14 

No clasts of the ca. 
74 ka El Cajete 
pumice (Qec) were 
found in this unit, 
and it may post-date 
stripping of Qec from 
this area (although a 
similar light-colored E 
horizon was 
described 
immediately below 
the Qec in 1996 soil 
pits 0.3–0.5 km to 
the north). 

Within this step, an 
elongate, 5-cm-long 
clast in the E 
colluvium appears to 
be vertically 
oriented, which is 
consistent with 
vertical movement at 
this step after 
deposition of the E 
colluvium. 

Modern slope wash 
and A horizon 
development. 

Dark gray-black, 
organic-rich A 
horizon that is 
forming at the 
modern ground 
surface. 

Continuous across 
fault zone and along 
length of trench.  
Undeformed. 

 

 

Summary and Conclusions 

Based on our field review, it was the judgement of the EERT that sufficient documentation, 
sampling, and review of the two trenches had been completed and that there were no technical 
reasons to delay infilling of the trenches. In addition, within constraints imposed by cultural 
resources present in the area, the trench locations appeared appropriate to document possible 
young faulting along this antithetic fault. Importantly, all applicable geochronological methods 
were being employed (i.e., soil-profile development, optically-stimulated luminescence [OSL], 
Ar-Ar dating, geochemical fingerprinting, paleomagnetism) in order to provide the best 
constraints possible on ages of units involved with faulting. 

The best evidence for the timing of the MRE was present on the south wall at the east end of 
T1, where field relations indicated that the light-colored E “horizon” colluvium was involved in 
faulting, but that the overlying A horizon post-dated faulting. Detailed soil-profile descriptions 
will allow age estimates of both the “E” and the A horizons, and samples for OSL analysis of the 
“E horizon” will allow additional age constraints. It should be understood that because the “E 
horizon” material probably had some existing luminescence signal at the time of faulting, the 
OSL results should be considered a maximum-limiting age estimate for faulting. Furthermore, 
because of the shallow depth of the OSL samples, their age estimates may be affected by 
cosmogenic radiation modifying the dose rates. Nevertheless, these analyses may provide the 
best possible age estimate of the MRE in T1. 
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The evidence for the MRE was not as distinct in T2 as in T1, but it is the judgement of the EERT 
that the “E horizon” colluvium was also likely deformed in T2. As in T1, detailed soil profile 
descriptions and samples for OSL analysis from T2 will allow limiting age constraints for this 
faulting. In both T1 and T2, the degree of soil development suggests Holocene or possibly late 
Pleistocene faulting, and therefore possible correlation with a Holocene event documented in 
previous trenches in the PFZ.  

As an additional note, the EERT recommends that the age estimates of depositional units and 
soils obtained in this study be placed in a regional context that considers previous knowledge of 
the post-Qbt history of this part of the Pajarito Plateau. Specifically, it is notable that the El 
Cajete pumice is absent from both trenches despite being found in nearby areas. This indicates 
that the trenches are in an area that has experienced significant late Quaternary erosion such 
that the post-Qbt stratigraphic record is incomplete. Age estimates of the trenched deposits 
based on soil-profile development, although still useful, will be necessarily limited by the 
absence of Qec. 
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1.0��Introduction��

Los��Alamos��National��Laboratory��(LANL)��has��embarked��on��the��required��periodic��process��of��
updating��the��facilities’��Probabilistic��Seismic��Hazard��Analysis��(PSHA)��as��required��by��the��Defense��
Nuclear��Facilities��Safety��Board.����The��Pajarito��fault��system��(PFS),��which��bounds��the��western��side��
of��the��Laboratory,��is��a��dominant��seismic��source��in��PSHA��models,��but��is��also��a��major��source��of��
uncertainty��because��the��existing��data��defining��the��size��and��frequency��of��recent��large��
earthquakes��on��the��fault��are��prone��to��differing��interpretations.������

In��the��first��phase��of��this��updating��process,��LANL��empaneled��an��External��Review��Committee��
(ERC)��to��address��specific��questions��regarding��the��manner��in��which��the��PFS��was��modeled��in��the��
2007��PSHA.����Among��other��recommendations,��the��ERC��advocated��that��“further��trenching��
investigations��are��needed��to��evaluate��the��limited��temporal��constraints��on��which��the��3�revent��
hypothesis��is��based”��and��indicated��that��“effort��should��be��made��to��conduct��paleoseismic��
trenching��studies��where��the��Pajarito��fault��shows��a��simpler��trace��and��which��is��more��likely��to��
capture��evidence��of��large��repeated��Holocene��earthquakes��if��they��have��indeed��occurred.����Such��
studies��may��well��need��to��be��located��off��of��LANL��proper.”����Subsequently,��an��Update��Steering��
Committee��(USC)��was��organized��to��offer��guidance��to��LANL��management��regarding��steps��to��be��
taken��in��advance��of��completing��the��updated��PSHA.����Similar��to��the��ERC,��the��USC��recommended��
that��more��paleoseismic��data��should��be��collected��to��better��characterize��the��PFS��as��a��seismic��
source��and��to��hopefully��resolve��details��of��the��fault’s��Holocene��rupture��history.��

In��2014,��LANL��contracted��Lettis��Consultants��International��(LCI)��to��conduct��a��field��review��of��
potential��paleoseismic��study��sites��as��the��first��step��in��this��data��collection��effort.����The��objective��of��
this��Paleoseismic��Trench��Siting��Project��(PTSP)��was��to��develop��a��scientifically��credible��list��of��
potential��paleoseismic��trench��sites��that��could��help��reduce��the��uncertainty��that��existed��in��past��
PSHAs.����The��PTSP��considered��17��potential��trenching��sites��and��evaluated��15��of��those��sites��in��the��
field.����Following��a��two�rday��field��review,��the��potential��sites��were��ranked��into��three��categories:��
most��favorable,��less��favorable,��and��least��favorable.����The��three��sites��that��have��been��trenched��to��
date��(A,��B,��and��C)��were��all��designated��as��most��favorable��sites.��

In��2016,��two��trenches��were��excavated��across��a��down�rto�rthe�rwest��antithetic��fault��strand��of��the��
PFS��at��Site��A,��which��is��located��on��the��east��side��of��NM��Highway��501,��about��0.5��km��NE��of��Site��B.����
These��trenches��were��the��first��part��of��a��multi�rsite��paleoseismic��study��to��better��characterize��the��
PFS��as��a��seismic��source.��

Paleoseismic��investigations��on��the��PFS��continued��in��August�rSeptember��2018,��when��pairs��of��
trenches��were��excavated��at��Sites��B��and��C,��both��of��which��are��located��on��prominent,��east�rfacing��
escarpments.����Site��B��is��located��near��the��junction��of��NM��Highways��4��and��501,��and��Site��C��is��
located��about��2.5��km��north��of��Site��B.��

On��September��19�û22,��2018,��we��conducted��a��four�rday��field��review��of��the��four��trenches��at��the��
two��sites��as��the��External��Expert��Review��Team��(EERT).����Our��review��followed��the��initial��mapping��
and��interpretation��of��the��trenches��by��LCI��geologists��and��a��technical��expert��team.����Members��of��
the��LCI��Mapping��Team��present��during��our��field��review��included��Robert��Givler,��John��Baldwin,��
William��Lettis,��Brian��Gray,��and��Christopher��Bloszios.����The��interpretations��and��trench��logs��that��
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we��reviewed��represented��the��collective��efforts��of��the��entire��LCI��Mapping��team,��which��included��
the��LCI��team��members��listed��above��as��well��as��technical��experts��Susan��S.��Olig,��Michael��N.��
Machette,��and��Thomas��K.��Rockwell.����During��our��field��review,��Emily��Schultz�rFellenz,��the��LANL��
Technical��Lead,��and��Brandon��Crawford,��a��LANL��geologist,��visited��the��sites.����In��addition,��Yong��Li,��
Senior��Seismologist��with��the��Defense��Nuclear��Facilities��Safety��Board��and��Dan��Koning,��New��
Mexico��Bureau��of��Geology��and��Mineral��Resources,��were��present��for��several��days.��

The��LCI��mapping��team��provided��high�rquality��photomosaic��images��of��the��trench��walls��that��were��
generated��from��a��computer��program��that��merges��and��rectifies��dozens��of��individual��
photographic��images.����These��photomosaic��images��contained��flagging��on��a��few��prominent��
stratigraphic��contacts��and��initial��trench��interpretations.����LCI��personnel��were��actively��revising��
some��of��the��trench��interpretations��during��our��review,��and��briefed��us��on��these��interpretations.����
The��EERT��collectively��discussed��observations��and��interpretations��of��stratigraphic��and��structural��
relations��visible��in��the��trench��exposures.����This��document��is��the��composite��summary��of��our��
observations,��possible��interpretations,��and��recommendations,��as��well��as��alternative��
interpretations.����

��

2.0��Site��B��Trench��Site��

2.1��Site��B��Location��

The��two��trenches��at��Site��B,��which��is��located��approximately��20��m��south��of��McCalpin’s��Trench��98�r
6,��were��excavated��at��the��base��of��the��main��Pajarito��fault��escarpment��across��a��down�rto�rthe�reast��
fault��directly��northwest��of��the��junction��of��NM��Highways��4��and��501��(West��Jemez��Road)��
(Figure��1).����The��trench��site��is��located��approximately��100��m��east��of��NM��501��in��an��area��where��this��
fault��appears��to��be��buried��by��colluvium��and��deposits��of��an��incised��alluvial��fan��(Figure��1).����The��ca.��
74��ka��El��Cajete��pumice��is��a��distinctive��stratigraphic��marker��in��the��Los��Alamos��region��and��was��
mapped��in��exposures��of��a��younger,��inset��alluvial��fan��downslope��and��east��of��the��site��B��trenches.����
However,��no��primary��or��reworked��El��Cajete��pumice��was��exposed��in��either��of��the��trenches.����The��
Pajarito��fault��escarpment��at��this��location��has��been��interpreted��as��a��faulted��monocline,��and��the��
fault��that��was��targeted��in��these��trenches��is��located��at��or��near��the��eastern��base��of��this��feature.��
Trenches��at��this��site��are��oriented��approximately��east�rwest��across��the��mapped��trace��of��the��
north�rsouth�rtrending��fault.��Additional��fault��traces��have��been��mapped��east��of��these��trenches.����

In��the��following��discussion,��we��refer��to��points��in��the��trenches��by��“Station”��numbers,��which��
increase��from��west��to��east.����A��station��number��denotes��the��number��of��meters��from��the��western��
end��of��a��trench.����Thus��Station��14��is��a��point��in��the��vicinity��of��14��m��from��the��western��end��of��a��
specific��trench.��
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Figure��1.��Location��map��of��Site��B��on��the��Pajarito��Fault��System.����Yellow��box��shows��location��of��the��
site��between��NM��Highways��4��and��501.����Red��lines��show��traces��of��the��PFS��based��on��analysis��of��
LiDAR��data.��

��

2.2��Site��B��Trench��T�r1��Observations��and��Comments��

2.2.1��Generalized��Stratigraphy��

Trench��T�r1,��the��northernmost��trench��at��the��Site��B��locality��is��30��m��long��and��as��much��as��4��m��
deep.����In��situ��bedrock��composed��of��Quaternary��Bandelier��Tuff��(Qbt)��was��exposed��in��the��
westernmost��3.5��m��of��the��trench.����Eastward,��large��blocks��of��Qbt��are��also��exposed��in��the��base��of��
the��trench��between��Stations��4��and��13.����Some��of��the��Qbt��in��this��part��of��the��trench��could��be��in��
situ,��although��several��of��these��blocks��show��evidence��that��they��may��have��moved��slightly��
downslope,��perhaps��due��to��gravitational��forces.����

Overlying��the��in��situ��and��blocks��of��Qbt��are��a��sequence��of��colluvial��units��that��grade��downslope��
into��alluvial�rfan��deposits.��The��sequence��thickens��from��less��than��1��m��in��the��upper,��western��end��
of��the��trench��to��greater��than��4��m��in��the��eastern��part��of��the��trench.����Several��distinctive��buried��
soil��horizons��are��present��and��are��characterized��by��strong,��red�rcolored,��textural��Bt��horizons.����The��
deepest,��best��developed,��and��oldest��Bt��is��informally��referred��to��as��“Big��Red”��and��based��on��the��
strength��of��the��soil��development,��could��be��hundreds��of��thousands��years��old.������

In��Trench��T�r1,��selected��stratigraphic��units��were��defined��for��mapping��purposes��to��correlate��
depositional��units��along��the��trench��and��to��assess��the��sequence��of��faulting.����Prominent��and��
significant��stratigraphic��units��include��(from��youngest��to��oldest):��

�x�� Yellow��pins:��Base��of��“E��horizon”,��which��could��be��related��to��recent��soil��development��
processes��at��the��site.����A��similar��“E��horizon’��unit��was��mapped��in��trenches��at��Site��A��(across��
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an��antithetic��fault��scarp��about��500��m��northeast��of��site��B)��and��provided��OSL��age��
estimates��of��5–19��ka.��

�x�� Red��dot/yellow��pins��(informally��the��“clown”��unit):��Base��of��the��“clown”��colluvial��unit.��
This��contact��overlies��a��buried��Bt��horizon.��

�x�� Orange��pins:��The��top��of��one��or��more��strongly��developed��buried��Bt��horizon(s).����In��the��
western��part��of��the��trench��(Stations��1–14)��the��orange��pins��mark��the��base��of��colluvium��
overlying��the��large��boulders��of��Qbt��that��is��capped��by��dark��red,��clay��matrix��(“Big��Red”��
soil)��on��top��of��and��surrounding��the��Qbt��boulders.����East��of��Station��14,��two��packages��of��
colluvium��are��present��(the��uppermost��one,��capped��by��a��Bt��horizon,��is��informally��
referred��to��as��“Jr.��Red”��and��is��slightly��less��developed��than��the��underlying��“Big��Red”��soil).��
The��orange��pins��mark��the��top��of��Jr.��Red��downslope��of��Station��14.����Because��of��the��strong��
soil��development,��the��contact��defined��by��the��orange��pins��marks��an��interval��of��a��stable��
land��surface��with��a��cobble��and��boulder��lag��and��a��well�rdeveloped��soil.��

The��trench��logs��show��additional��units��and��contacts��that��are��based��on��erosional��contacts��and��
buried��soils.����Because��the��ca.��74��ka��El��Cajete��pumice��is��absent��in��the��trench��(evidence��of��a��
period��of��erosion)��and��because��of��the��character��of��the��well�rdeveloped��Bt��soil��horizons,��we��infer��
that��the��deposits��between��the��yellow��and��orange��pins��are��older��than��74��ka.��

2.2.2��Deformational��Features��

Deformational��features��in��Site��B��T�r1��included:��

�x�� Station��4��to��Station��17:��A��broad��zone��of��monoclinal��flexure��is��possible��between��Station��
4��to��Station��17��(north��wall),��as��suggested��by��the��general��slope��defined��by��the��top��of��the��
Qbt��blocks.����The��Qbt��appears��to��be��broken��up��across��a��series��of��extensional��fissures��that��
are��filled��with��gravelly��colluvium��of��“Big��Red.”����The��trench��mapping��shows��the��
boundaries��of��the��blocks��to��be��marked��by��faults,��(i.e.,��fault��zones��at��Stations��7.5–8��m,��
10–11.5��m,��13.5–15��m),��but��it��equally��possible��that��these��boundaries��are��fissures��that��
become��narrow��with��depth.����Monoclinal��flexing��in��the��footwall��adjacent��to��the��main��
fault��would��produce��near�rsurface��extension��in��Qbt,��and��thus��would��enhance��the��
possibility��of��fissures��to��develop��in��the��bedrock.����As��fissures��open��and��deepened,��they��
would��fill��with��gravelly��colluvium,��which��when��extensively��weathered,��would��have��the��
characteristics��of��“Big��Red.”����Furthermore,��the��steeply��inclined��block��of��Qbt��between��
Stations��14.8��and��16.5��is��mapped��as��having��a��steeply,��west�rdipping��fault��at��its��eastern��
end��(F3),��yet��it��seems��equally��possible��that��this��block��is��detached��from��in��situ��Qbt��
bedrock,��is��underlain��by��colluvium,��and��has��moved��a��short��distance��downslope��by��
gravity.����Thus,��fault��F3��is��considered��to��be��speculative,��and��several��other��of��these��block�r
bounding��faults��to��the��west��may��also��be��speculative.����The��EERT��suggests��that��the��some��
of��the��faults��mapped��in��the��western��end��of��T�r1��may��be��over�rinterpreted��and��could��be��
explained��by��fissure��development��in��the��footwall��related��to��monoclinal��flexuring��and/or��
by��gravitational��sliding��of��detached��blocks.��
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�x�� Station��17.5��and��19.5��fault��zones:����The��main��fault��zone��in��T�r1��consists��of��two��to��three��
fault��traces��between��Stations��17��and��18��(hereafter��referred��to��as��Station��17.5).����An��
adjacent��fault��zone��is��present��between��Stations��19��and��20��(Station��19.5).������

Evidence��for��multiple��surface�rdeforming��events:��

1.�� The��evidence��for��the��youngest��deformation��caused��by��the��most��recent��event��(MRE)��is��
that��the��“clown”��contact��is��offset��on��both��trench��walls��and��possibly��some��younger��
deposits��that��predate��the��“E��horizon.”����There��is��no��clear��evidence��of��Holocene��
movement��on��any��of��the��fault��strands.��The��“clown”��contact��is��vertically��offset��about��
20��cm��across��fault��(Station��17.5��m)��on��the��north��wall��of��Site��B��T�r1;��the��displacement��is��
clear��and��the��fault��trace��is��marked��by��a��rotated��clast;��the��age��of��buried��Bt��soil��and��
colluvium��below��the��“clown”��contact��is��unknown��

2.�� On��the��south��wall��of��Site��B��T�r1,��the��fault��at��Station��17.5��m��vertically��offsets��the��“clown”��
contact��about��10��cm.����The��yellow�rpin��contact��at��the��base��of��the��“E��horizon”��could��be��
vertically��displaced��at��most��3��cm,��but��this��small��displacement��amount��is��well��within��the��
variable��relief��and��within��the��uncertainty��in��defining��this��contact.����Given��these��sources��of��
uncertainty,��the��EERT��is��unconvinced��that��the��yellow�rpin��contact��is��deformed��by��the��
fault.����On��the��south��wall��of��Site��B��T�r1,��the��“clown”��contact��is��displaced��about��7��cm��across��
the��fault��at��Station��19.5��and��the��vertical��displacement��increases��in��deeper��units.����

3.�� Penultimate��event��(PE):����the��orange�rpin��contact��defines��the��top��of��the��“Jr.��Red”��horizon��
and��is��vertically��offset��about��40��cm��across��the��Station��17.5��fault��on��the��north��wall��of��
Site��B��T�r1;��the��orange�rpin��contact��is��vertically��displaced��about��30��cm��across��the��fault��at��
Station��17.5��on��the��south��wall.��

4.�� Pre�rpenultimate��event(s):����Qbt��is��not��present��in��T�r1��east��of��the��main��fault��at��Station��
17.5,��so��it��had��to��be��downfaulted��below��the��base��of��the��trench,��and��this��downfaulting��
created��accommodation��space��of��at��least��1��m��into��which��the��“Jr.��Red”��colluvial��unit��was��
deposited.����Thus,��one��or��more��surface��ruptures��had��to��occur��prior��to��deposition��of��the��
“Jr.��Red”��unit.��

2.3��Site��B��Trench��T�r2��Observations��and��Comments.��

2.3.1��Generalized��Stratigraphy��

Trench��T�r2,��the��southernmost��trench��at��the��Site��B,��is��about��21��m��long��and��as��much��as��4��m��deep.����
Unlike��T�r1,��Qbt��was��not��exposed��in��T�r2,��even��though��the��two��trenches��are��only��about��12–15��m��
apart.��The��absence��of��Qbt��suggests��that��it��has��been��eroded��from��this��site,��and��the��only��
reasonable��source��of��the��erosion��would��be��the��steep��drainage��that��is��located��about��50��m��to��the��
south.����An��alternate��explanation��for��the��absence��of��Qbt��in��T�r2��is��that��it��has��been��down��dropped��
along��a��NE�rtrending��fault��or��an��en��echelon��fault.��

The��westernmost��5��m��of��T�r2��consists��of��a��basal��unit��of��coarse��colluvium��containing��abundant��
boulder��and��cobbles��overlain��by��a��somewhat��finer�rgrained��sandy��and��silty��alluvial�rfan��deposit,��
which��is��capped��by��a��light�rcolored��“E��horizon.”����The��“E��horizon”��is��overlain��by��a��black�rbrown��
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modern,��organic�rrich��slope��colluvium.����The��basal��coarse��colluvium��has��a��strong,��argillic��Bt��
horizon��develop��on��it��(7.5��YR��to��5��YR��soil��colors)��(“Big��Red”��unit);��the��overlying,��finer�rgrained��
deposit��also��has��an��argillic��Bt��horizon��developed��on��it,��but��the��soil��colors��and��clay��content��are��
less��than��in��Big��Red.��

Similar��to��T�r1,��the��base��of��the��“E��horizon”��is��marked��by��yellow��pins,��and��the��top��of��Big��Red��is��
marked��by��the��orange��pins��in��this��trench.������

2.3.2��Deformational��Features��

Two��fault��zones��are��identified��in��the��Site��B��trench��T�r2:��

�x�� Station��5��fault:��The��oldest��alluvium��with��the��“Big��Red”��soil��(5YR)��is��clearly��displaced��
down�rto�rthe�reast��across��this��fault.����Upsection,��a��distinct,��well�rdefined,��15�rcm�rthick,��
argillic��horizon��with��scattered��cobbles��(base��marked��by��red�rstripe��pins)��has��a��net��vertical��
offset��of��about��10–15��cm��on��the��north��wall;��much��of��this��deformation��appears��to��be��
warping��but��there��is��also��a��small��brittle��offset.����The��faulting��does��not��appear��to��extend��
above��the��base��of��the��lighter�rcolored,��upper��colluvium��(yellow��pins;��base��of��glossic��E��
horizon?).����On��the��south��wall,��the��fault��cuts��the��contact��marked��by��red�rstripe��pins,��but��is��
queried��between��this��datum��and��the��yellow��pins.��

�x�� Station��10–11��fault:��Here��a��west�rdipping,��down�rto�rthe�reast��fault��is��mapped.����It��appears��
that��there��is��diminishing��displacement��on��this��fault��upward��through��the��section.����The��
vertical��offset��could��be��on��the��order��of��1��m��on��the��deeper��horizons,��but��the��distinctive,��
shallow,��argillic��horizon��(red�rstripe��pins)��is��vertically��offset��only��about��10–15��cm.����One��
interpretation��suggests��a��very��small��amount��(2–3��cm?)��of��post�ryellow��(E�rhorizon)��on��this��
strand,��but��an��alternative��(and��preferred��by��the��EERT)��interpretation��is��that��the��inferred��
offset��is��the��result��of��non�rtectonic��relief��and��depositional��irregularities��in��the��yellow�rpin��
contact.����Furthermore,��displacements��of��this��small��size��(if��any)��could��also��be��caused��by��
compaction��or��perhaps��shaking��rather��than��discrete��surface�rfault��rupture.��

Stratigraphic��relations��in��T�r2��yield��similar��conclusions��to��T�r1��regarding��the��evidence��for��multiple��
events.����Larger��vertical��offsets��on��deeper��horizons��(orange��pins)��compared��to��reduced��offsets��in��
shallower��horizons��(red�rstripe��pins)��provide��convincing��evidence��of��repeated��movements��on��
fault��strands��exposed��in��T�r2.��

2.4��Recommendations��

Excavate��an��eastward��extension��of��Site��B��Trench��T�r1��along��the��high�rpoint��of��the��dissected��fan��
surface��to��expose��the��ca.��74��ka��El��Cajete��pumice,��which��is��mapped��as��outcropping��in��adjacent��
hillslopes.����Define��the��relations��between��the��El��Cajete��pumice��and��stratigraphic��units��exposed��
the��trenches��T�r1��and��T�r2.��

1.�� The��LCI��Mapping��Team��has��proposed��extending��Trench��1��downslope��to��the��east��
across��a��subtle��break�rin�rslope��(inflection)��and��into��the��lower��alluvial�rfan��deposits��
where��the��El��Cajete��pumice��appears��to��be��present.����The��EERT��fully��supports��this��
strategy,��and��recommends��that��the��extension��be��dug��in��the��very��near��future,��and��
that��sufficient��time��be��allocated��to��fully��document��stratigraphic��and��structural��
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relations��in��the��new��exposure,��ensuring��that��a��complete��record��of��latest��Pleistocene��
and��Holocene��surface��ruptures��are��captured��at��this��site.����

2.�� The��EERT��encourages��the��Mapping��Team��to��explore��the��possibility��of��using��other��
luminescence��methods��(i.e.��TT�rOSL��that��can��provide��ages��back��to��several��hundred��
thousand��years��using��quartz��grains)��or��ESR��(that��can��provide��ages��in��the��time��range��
of��100��ka��to��3��Ma)��to��date��samples��that��may��be��beyond��the��standard��range��of��OSL��
(for��quartz).����The��optimum��grain�rsize��fractions��of��quartz��for��OSL�rdating��are��90–125��
µm��and��90–180��µm;��for��ESR��the��optimum��grain��size��fraction��is��125–250��µm.����In��both��
methods,��at��least��2��gm��of��purified��quartz��per��optimum��fraction,��per��sample��is��
needed,��although��labs��may��be��able��to��utilize��smaller��amounts��for��OSL��depending��on��
their��procedures.����For��older��samples��in��which��the��OSL��signal��is��saturated,��the��
decision��of��which��technique��(TT�rOSL��or��ESR)��should��be��used��depends��on��whether��
there��is��sufficient��grain�rsize��fraction��for��the��different��methods.��

3.�� As��an��aside,��the��absence��of��Qbt��in��Site��B��T�r2��is��curious.����Although��not��necessarily��
relevant��to��the��objectives��of��this��study,��the��possible��complete��removal��of��such��
durable��bedrock��between��such��closely��spaced��sites��is��surprising��and��may��highlight��
the��erosive��power��of��what��appears��to��be��a��rather��insignificant��drainage��directly��
south��of��Site��B.����Alternatively,��the��absence��of��Qbt��in��T�r2��could��indicate��down�r
dropping��along��a��NE�rtrending��fault��or��an��en��echelon��fault��between��T�r1��and��T�r2.��

��

3.0��Site��C��Trench��Site��

3.1��Site��C��Location��

The��two��trenches��at��Site��C,��which��is��located��approximately��75��to��100��m��north��of��McCalpin’s��
Trench��98�r4,��were��excavated��across��a��down�rto�rthe�reast��fault��approximately��900��m��west��of��NM��
501��(West��Jemez��Road)��(Figure��2).����The��Pajarito��fault��zone��consists��of��two��primary��strands��at��
this��latitude.����Trenches��at��this��site��are��oriented��approximately��east�rwest��across��the��trace��of��an��
arcuate,��north�rsouth�rtrending,��approximately��30�rm�rhigh��scarp,��the��westernmost��fault��strand.����
T1,��the��southern��trench,��is��54��m��long,��and��T�r2��is��about��30��m��long,��and��extended��farther��west��up��
the��scarp.����The��most��active��zone��of��faulting��in��the��trenches��was��exposed��midway��up��the��fault��
scarp,��near��the��west��end��of��T�r2.��
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Figure��2.��Location��map��of��Site��C��on��the��Pajarito��Fault��System.����Yellow��box��shows��location��of��the��
site��west��of��NM��Highway��501.����Red��lines��show��traces��of��the��PFS��based��on��analysis��of��LiDAR��data.��

��

3.2��Site��C��Trench��T�r1��Observations��and��Comments��

3.2.1��Generalized��Stratigraphy��

The��western��fault��strand��is��mantled��by��colluvial��deposits��(including��large��blocks)��derived��from��
Qbt��that��underlie��the��base��of��the��escarpment.����The��colluvium��interfingers��with��alluvial�rfan��
deposits��that��originated��from��a��large��drainage��to��the��south��and��a��smaller��drainage��to��the��north.����

The��stratigraphy��at��the��site��was��well��exposed��in��Trench��T�r1,��and��key��contacts��and��nomenclature��
established��in��this��trench��were��also��used��in��Trench��T�r2.����Selected��stratigraphic��units��were��
defined��for��mapping��purposes��to��correlate��depositional��units��along��the��trench��and��to��assess��the��
sequence��of��faulting.����In��contrast��to��the��trench��exposures��at��Site��B,��the��trenches��at��Site��C��
exposed��the��ca.��74��ka��El��Cajete��pumice,��which��is��an��important��stratigraphic��and��chronologic��
datum.������

Prominent��and��significant��stratigraphic��units��include��(from��oldest��to��youngest):��

1.����Basal��stratified,��orange,��silty��sand:����It��is��as��much��as��1.2��m��thick��at��Station��24.����This��unit��is��well��
indurated,��iron�rstained,��and��well��oxidized.����It��extends��to��the��base��of��much��of��the��eastern��end��of��
the��trench��and��is��Pleistocene��in��age,��based��on��its��position��below��the��El��Cajete��pumice.����Based��on��
its��dominantly��fine�rgrained��nature,��it��may��be��composed��mainly��of��re�rworked��eolian��silt��that��
originally��mantled��the��landscape��on��and��above��the��scarp,��and��was��deposited��in��a��low�renergy��
environment��at��the��base��of��the��slope.��The��presence��of��scattered��pebbles��indicates��probable��
deposition��by��runoff��events��that��dissipated��on��the��lower��fan,��as��opposed��to��deposition��in��a��
lacustrine��setting��(the��texture��of��the��deposit��is��extremely��similar��to��historic��overbank��deposits��
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in��canyons��on��the��Pajarito��Plateau��to��the��east).����The��unit��has��sub�rhorizontal��bedding��and��redox��
overprinting��indicative��of��alternating��wetting��and��drying��cycles.����The��upper��part��of��the��
Pleistocene��section��may��have��an��incipient��soil��E�rhorizon.��

In��the��upper��part��of��the��trench��(between��Stations��7–10),��there��is��another��finer�rgrained��colluvial��
unit��that��contains��large��angular��blocks��of��Qbt��upslope��within��a��few��meters.��We��speculate��that��
this��fine�rgrained��colluvium��may��contain��abundant��eolian��material,��and��it��may��be��the��upslope��
colluvial��equivalent��of��the��Pleistocene��clayey��silt��unit��that��is��present��in��the��lower,��eastern��part��
of��the��trench.����

2.����El��Cajete��pumice:����This��unit��was��deposited��unconformably��on��the��Pleistocene��clayey��silt.����
Some��micro�rrelief��is��present��on��the��base��of��the��unit.����This��unit��is��not��exposed��in��the��trench��west��
of��about��Station��22��(north��wall)��or��Station��20��(transitional��based��on��log��of��south��wall).��

3.����Reworked��El��Cajete��pumice:��This��unit��generally��consists��of��pumice��clasts��in��a��finer�rgrained��
matrix��and��may��be��a��combination��of��bioturbated��pumice��and��pumice��reworked��by��slopewash.����
This��unit��laps��onto��the��older��Pleistocene��colluvium��(near��Station��10,��north��and��south��walls).��

4.����Post�rEl��Cajete��colluvium��and��alluvium:����In��the��eastern��part��of��the��trench,��this��unit��is��as��much��
as��1.5��m��thick,��and��at��Station��17,��it��is��about��2.5��m��thick.����It��is��distinctly��finer��grained��than��the��
overlying��Holocene��deposits.����Based��on��its��stratigraphic��position��above��the��El��Cajete��pumice,��it��
may,��at��least��in��part,��correlate��with��alluvial�rfan��deposits��exposed��in��McCalpin’s��98�r4��trench,��
which��yielded��radiocarbon��analyses��of��22–44��ka.����In��the��western��part��of��the��trench,��this��unit��is��
subdivided��into��several��units��of��colluvium.������
Locally,��a��useful��marker��horizon��is��informally��designated��as��“Seahawk”��[SH],��which��includes��
some��reworked��El��Cajete��pumice��in��addition��to��abundant��Qbt��clasts.����SH��is��mapped��above��the��
reworked��El��Cajete��unit��upslope��(west)��from��about��Station��13.5��(south��wall)��and��Station��15��
(north��wall).����The��upper��part��of��this��sequence��of��colluvial��units��(pre�ryellow��white��[YW]��pins)��is��
informally��referred��to��as��“clown”��(base��marked��by��yellow/red�rdot��pins),��and��may��be��a��latest��
Pleistocene��colluvial��unit.��

5.����Post�rYellow�rWhite��colluvium��and��alluvium:����This��unit��consists��of��colluvium��in��the��western��
part��of��the��trench��and��interfingers��with��alluvium��to��the��east,��the��latter��originating��from��the��
drainage��to��the��south.����It��contains��significantly��more��gravel��than��the��underlying��unit��in��the��
eastern��part��of��the��trench.����It��is��as��much��as��1.8��m��thick��at��Stations��48–50��and��thins��upslope,��
extending��to��the��ground��surface.����It��is��likely��Holocene��in��age.��

3.2.2��Deformational��Features��

Faults��in��this��trench��are��confined��to��the��western��7��m��of��the��trench.����Stratigraphic��units��
downslope��of��the��mapped��faults��do��not��appear��to��be��displaced.����In��particular��the��El��Cajete��
pumice��(primary��and��re�rworked)��and��post�rEl��Cajete��colluvial��units��are��well��defined��and��show��no��
evidence��of��displacement��by��faults.����

We��note��that��the��postulated��southward��extension��of��the��“El��Cajete��fault”��from��T�r2��at��about��
Station��12.5��(as��shown��on��the��Figure��1��map,��Givler��notes��9/17/18)��does��not��seem��justified.����

��
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Station��3–5��fault��zone:��The��locations��of��these��faults��appear��to��be��strongly��influenced��by��the��
position��of��sub�rvertical��boulders��and��places��where��inferred��shear��fabric��has��been��mapped��in��the��
lower��bouldery��unit��(South��wall).����The��EERT��recognizes��that��identifying��and��tracing��faults��
through��such��coarse��deposits��is��challenging.����Furthermore,��defining��stratigraphic��contacts��in��
such��deposits��is��difficult,��and��there��is��considerable��interpretation��in��selecting��the��exact��location��
of��a��stratigraphic��contact,��so��it��is��equally��as��difficult��to��define��the��amount��of��vertical��
displacement��across��a��suspected��fault��strand.����To��further��complicate��matters,��the��amount��of��
throw��on��the��interpreted��faults��is��small��(tens��of��cms),��so��the��expression��of��faults��in��the��matrix��
between��the��boulder��clasts��is��generally��very��poor.����Given��all��of��these��circumstances,��all��of��the��
faults��mapped��in��this��zone��have��very��subtle��expression.����

The��matrix��material��surrounding��the��large��boulder��clasts��is��largely��silt.����The��EERT��exposed��a��20�r
cm�rlong,��elongate,��steeply��dipping��boulder��that��was��oriented��roughly��east�rwest,��approximately��
perpendicular��to��the��projected��NNE�rstrike��of��the��fault��zone��across��the��trench.����If��there��had��been��
a��significant��amount��of��displacement��on��this��fault��strand,��then��it��is��likely��that��the��boulder��would��
have��been��tectonically��rotated��such��that��it’s��long��axis��would��be��oriented��subparallel��to��the��fault��
strike.����The��absence��of��such��tectonic��rotation��indicates��that��the��amount��of��displacement��on��the��
strand��has��to��be��small.��

The��eastern��strand��of��the��fault��in��this��zone��is��mapped��as��having��a��few��centimeters��of��down�rto�r
the�reast��vertical��displacement��on��the��SH–“Seahawk”��contact.����The��EERT��did��not��observe��any��
clear��post�rSH��displacement��(on��South��wall),��although��we��could��not��preclude��1–2��cm��of��vertical��
displacement.����The��log��of��the��South��wall��shows��a��displacement��of��approximately��30��cm��on��the��
SH��contact��on��the��western��strand��of��the��fault��in��this��zone.����The��EERT��did��not��look��at��this��contact��
in��detail��during��the��field��investigation.����

Mapping��of��the��North��wall��indicates��about��5��cm��of��possible��post�rSH��displacement,��but��the��EERT��
believes��that��this��small��amount��of��offset��is��within��the��uncertainty��in��defining��the��precise��
location��of��this��contact.����The��overlying��“red�rchecked”��contact��did��not��appear��to��be��offset,��so��we��
believe��that��the��evidence��of��a��small��amount��of��post�rSH��offset��in��this��fault��zone��is��equivocal��
based��on��what��we��examined��in��the��field��

Station��7��fault��zone:����The��best��evidence��for��the��fault��zone��marked��at��Station��7��is��an��abrupt��
transition��from��a��boulder�rrich��deposit��upslope��to��the��west��and��generally��sandy,��finer�rgrained��
colluvium��to��the��east.����No��compelling��shear��fabric��was��visible��in��the��deposits,��and��inferred��
vertical��offsets��of��stratigraphic��horizons��are��only��a��few��centimeters.����These��small��offsets��are��
well��within��uncertainties��in��defining��stratigraphic��contacts,��so��offset��contacts��do��not��provide��
convincing��evidence��of��faulting.����For��example,��we��did��not��see��clear��evidence��for��offset��of��the��
green/black��check��pins��or��the��“Seahawk”��contacts,��so��if��any��offset��is��present��on��this��inferred��
structure,��then��it��predates��SH��and��the��ca.��74��ka��El��Cajete��pumice.����

Station��0–Possible��fault��zone:����A��down�rto�rthe�reast��fault��zone��was��inferred��on��the��South��wall��at��
the��head��of��the��trench��(Station��0)��based��on��a��step��between��fractured��Qbt��and��colluvium.����An��
alternative��interpretation��for��the��step��is��a��buttress��unconformity��of��colluvium��against��Qbt,��
although��faulting��seems��to��be��a��more��likely��explanation.����No��offset��was��inferred��in��overlying��
colluvial��deposits,��so��any��potential��fault��movement��would��be��relatively��old��(pre�rHolocene).��
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3.3��Site��C��Trench��T�r2��Observations��and��Comments.��

3.3.1��Generalized��Stratigraphy��

As��noted��above,��stratigraphic��units��and��contacts��defined��in��trench��T�r1��were��similar��to��those��
described��and��mapped��in��T�r2,��so��we��refer��readers��to��Section��3.2.1��for��a��general��description��of��
the��stratigraphy.��

3.3.2��Deformational��Features��

Three��possible��fault��zones��were��observed��in��this��trench.��

Stations��2.5–4��faults:��This��is��the��main��fault��zone��in��this��trench��and��contains��two��down�rto�rthe�r
east,��normal��faults��(referred��to��as��Faults��1��and��2)��that��are��mapped��on��both��walls.����The��
westernmost��strand��of��these��faults��(Fault��1)��has��the��best��evidence��of��young��(likely��Holocene)��
movement��at��Site��C.����Upward,��this��strand��divides��into��two��well�rdefined��splays,��and��each��splay��
offsets��the��yellow�rwhite��(YW)��pins��by��20–25��cm.����The��YW��pins��mark��the��base��of��a��colluvial��
deposit��that��rests��on��a��distinctive,��Bt��horizon.����In��the��South��wall,��the��eastern��splay��appears��to��
terminate��at��the��YW��horizon,��but��the��western��splay��extends��upward��and��offsets��the��yellow��(Y)��
pins��and��ends��at��the��base��of��the��modern��slope��colluvium��(Blue��pins).����Thus,��this��splay��cuts��
upward��to��the��youngest��stratigraphic��level��at��Site��C��and��is��the��most��recently��active��fault��strand��
exposed��in��the��trenches.��

The��faults��between��these��Stations��are��defined��by��zones��of��disrupted��colluvium,��rotated��and��
vertically��aligned��clasts,��and��shearing��in��finer�rgrained��deposits.����The��upper��termination��of��the��
most��recently��active��splay��extends��to��within��about��30–40��cm��of��the��ground��surface.������

A��distinctive��stone��line��of��angular��Bandelier��tuff��cobbles��and��boulders��define��a��conspicuous��
marker��bed��in��that��area��of��the��faults;��based��on��this��datum,��we��estimate��a��cumulative��vertical��
offset��of��about��40–50��cm��across��this��zone.��

On��the��North��wall,��the��western��splay��of��this��fault��is��well��defined��and��appears��to��extend��at��least��
up��to��the��Y��pins,��which��is��consistent��with��observations��on��the��South��wall.����The��fault’s��location��is��
defined��by��rotated��clasts��and��fabric��in��the��colluvial��deposits.��

The��upward��terminations��of��the��two��splays��in��this��zone��provide��evidence��of��two��surface�r
rupturing��events��on��this��fault.����The��eastern��splay��offset��the��YW��pins��but��not��the��overlying��Y��pins,��
whereas��the��western��splay��offsets��the��Y��pins.����Thus,��the��eastern��splay��was��active��in��the��
penultimate��(PE)��rupture,��and��the��western��splay��was��active��in��the��most��recent��rupture��(MRE).����
The��colluvium��deposited��after��the��PE��is��much��more��consolidated��that��the��post�rMRE��colluvium,��
which��raises��the��possibility��that��the��PE��may��not��be��Holocene��in��age,��but��could��actually��be��latest��
Pleistocene��in��age.��

Stations��6–7��fault:����The��fault��in��this��part��of��the��trench��is��poorly��defined,��is��mostly��queried,��but��is��
mapped��as��an��east�rdipping,��low�rangle��structure��that��has��about��10–15��cm��of��down�rto�rthe�reast��
offset.����The��best��evidence��for��this��fault��is��on��the��South��wall��where��several��stratigraphic��horizons��
(yellow��pins,��white��pins,��and��purple/white��pins)��have��a��distinct��up�rto�rthe�rwest��step.����These��
stratigraphic��horizons��are��defined��by��subtle��differences��in��soil��development,��which��are��difficult��
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to��consistently��define��and��appear��to��vary��considerably��within��distance��of��a��few��meters.����
Furthermore,��we��found��it��difficult��to��see��similar��offsets��in��the��underlying��stratigraphic��units.����
However,��there��is��considerable��uncertainty��in��mapping��the��boundaries��of��the��deeper��units��
(orange�rblack��stripe��and��red�rwhite��square��pins),��so��the��presence��or��absence��of��this��fault��cannot��
be��definitively��determined��in��the��deeper��units.������

We��found��the��evidence��of��faulting��in��this��area��suggestive,��but��not��conclusive��due��to��the��
vagueness��of��the��contacts��and��the��possibility��that��the��apparent��step��in��the��contacts��might��be��
associated��with��biological��disturbance��(e.g.,��tree��throw).����In��places,��there��are��suggestions��of��a��
possible��weak��shear��fabric,��but��it��is��difficult��to��define��a��continuous��fault��plane.����Furthermore,��in��
places,��it��is��possible��to��project��contacts��on��the��western��side��of��the��fault��downslope��across��the��
fault��to��the��eastern��side,��and��it��is��not��difficult��to��envision��no��significant��vertical��offset.��

Station��14�r14.5��fault:����This��structure,��informally��referred��to��as��the��El��Cajete��fault,��is��defined��by��
the��abrupt��termination��of��the��El��Cajete��pumice��along��the��eastern��part��of��the��trench��against��
poorly��sorted,��massive,��boulder�rrich��colluvium.����This��termination��is��mapped��as��a��possible��down�r
to�rthe�reast��fault.����The��thickness��of��the��El��Cajete��pumice��east��of��the��proposed��fault��is��
approximately��50��cm��implying��that��if��this��unit��is��faulted,��the��vertical��stratigraphic��separation��
across��the��zone��would��be��>0.5��m.����On��the��South��wall,��details��of��the��contact��between��the��pumice��
and��the��boulder�rrich��colluvium��is��largely��obscured��by��extensive��bioturbation��(krotovina);��a��
smaller��krotovina��was��present��near��the��fault��on��the��North��wall.����We��cleaned��off��the��trench��floor��
along��the��trace��of��the��features��between��the��South��and��North��walls.����We��were��unable��to��find��a��
distinct��continuous��fracture��across��the��trench��floor,��but��we��exposed��thin,��discontinuous,��filled��
fractures��and��oxidation��zones��that��roughly��linked��the��features��in��both��walls.��

The��preliminary��observation��reported��by��the��Mapping��Team��is��that��a��block��of��the��SH��
(“Seahawk”)��colluvium��was��included��in��a��scarp�rderived��colluvium��east��of��the��proposed��El��Cajete��
fault,��but��this��does��not��seem��to��be��a��viable��interpretation��based��on��our��observations.����This��
block��of��SH��appears��to��include��a��contact��between��the��El��Cajete��pumice��and��the��overlying��SH��
colluvium,��suggesting��the��possibility��that��a��consolidated��block��of��pumice��and��SH��was��broken��
and��tilted��during��excavation��of��the��trench.����An��alternative��interpretation��for��the��abrupt��
westward��termination��of��the��pumice��layer��is��that��the��contact��represents��a��buttress��
unconformity��in��which��the��El��Cajete��pumice��was��deposited��against��a��step��in��the��bouldery��
colluvium��allowing��it��to��be��preserved,��while��it��was��being��eroded��and��stripped��to��the��west.����
However,��the��upper��surface��of��this��colluvium��has��a��relatively��uniform��gradient��to��the��west,��
which��favors��a��fault��origin��for��the��contact��rather��than��an��erosional��origin.������

The��SH��contact��appears��to��extend��across��the��fault��with��no��vertical��stratigraphic��separation��on��
the��both��walls��of��trench,��thus��constraining��the��last��movement��to��be��post�rEl��Cajete��(<74��ka)��but��
younger��that��deposition��of��the��SH��unit.����These��relations��indicate��that��the��youngest��movement��
must��be��pre�rHolocene��and��is��most��likely��late��Pleistocene.��

��

3.4��Recommendations��

As��discussed��below,��the��EERT��sees��no��need��for��additional��excavations��or��further��documentation��
of��the��exposures��at��Site��C.����The��EERT��does��recommend��that��TT�rOSL��and/or��ESR��be��explored��as��a��
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means��to��date��deposits��in��these��trenches��(discussed��in��Section��2.4),��particularly��those��units��
older��than��the��El��Cajete��pumice.��

��

4.0��Summary��and��Conclusions��

1.�� Based��on��our��field��review,��the��EERT��believes��that��the��four��trenches��(at��Site��B��and��C)��have��
been��adequately��mapped��and��sampled,��so��there��are��no��technical��reasons��to��delay��
infilling��of��the��trenches.����However��as��stated��in��Section��2.4,��the��EERT��strongly��supports��
extending��T�r1��(Site��B)��to��the��east��to��intersect��younger��fan��deposits��that��appear��to��
contain��El��Cajete��pumice.����Site��B��T�r2��should��be��left��open��during��the��excavation��and��
logging��of��this��extension��to��assure��that��stratigraphic��relationships��between��the��two��
trenches��are��well��documented.��

2.�� Applicable��geochronological��methods��(i.e.,��soil�rprofile��development,��radiocarbon��(C14)��
analysis,��optically�rstimulated��luminescence��(OSL),��infrared��stimulated��luminescence��
(IRSL),��paleomagnetism)��are��planned,��and��samples��to��provide��sufficient��age��control��for��
significant��units��that��should��be��used��to��assess��timing��of��faulting��events��had��been��
collected��and/or��identified��for��collection��prior��to��back�rfilling.����As��noted��in��Section��2.4,��
the��EERT��suggests��that��the��Mapping��Team��also��consider��additional��methods��(i.e.,��TT�rOSL��
and/or��ESR)��to��evaluate��the��ages��of��units��that��may��be��beyond��the��range��of��the��planned��
luminescence��dating��methods.��

3.�� Trenches��at��both��Sites��B��and��C��provided��evidence��for��multiple��events.����At��Site��B,��there��is��
evidence��of��at��least��three��events.����The��youngest��rupture��has��offset��the��“clown”��horizon��
about��20��cm,��but��this��rupture��did��not��displace��the��overlying��“E��horizon.”����Evidence��of��an��
older��surface��rupture��is��based��on��about��40��cm��of��displacement��on��the��colluvium��that��is��
capped��by��the��Jr.��Red��soil.����Evidence��of��the��older��event(s)��is��based��on��at��least��1��m��of��
vertical��separation��on��deposits��that��predate��the��well�rdeveloped,��“Big��Red”��soil.����The��
cumulative��offset��of��at��least��1��m,��could��be��the��product��of��several��older��surface��ruptures.����
Based��on��the��strong��soil��development��in��deposits��in��these��trenches,��all��of��the��above��
described��ruptures��are��Pleistocene��in��age.����There��is��no��compelling��evidence��of��Holocene��
faulting��in��either��trench��at��Site��B.��

4.�� At��Site��C,��there��is��good��evidence��of��two��post�rEl��Cajete��pumice��ruptures��in��the��
westernmost��part��of��Trench��T�r2��near��Stations��2.5–4.����We��discuss��details��of��these��young��
ruptures��in��Section��3.3.2.����The��westernmost��splay��in��this��zone��likely��ruptured��in��the��
Holocene��and��the��eastern��splay��likely��ruptured��in��the��latest��Pleistocene��or��early��
Holocene.����An��older��late��Pleistocene��event��could��have��caused��rupture��on��the��possible��El��
Cajete��fault.������

5.�� As��an��additional��observation,��the��EERT��notes��that��the��youngest��evidence��for��faulting��was��
located��roughly��half�rway��up��the��western��escarpment��at��Site��C,��Trench��2,��close��to��where��
the��soils��and��colluvium��pinched��out��against��Bandelier��tuff��bedrock.����Faulting��of��similar��
magnitude��farther��upslope��on��this��escarpment,��or��at��a��comparable��position��on��the��main��
escarpment��at��Site��B,��would��probably��be��difficult��to��recognize��because��of��the��scarcity��of��
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soils��and��colluvial��deposits.����Therefore,��the��EERT��cautions��against��using��the��absence��of��
identified��Holocene��faulting��at��Site��B��to��infer��the��absence��of��young��ruptures��on��this��part��
of��the��escarpment.����We��suggest��that��the��record��of��young��faulting��events��may��be��
inherently��incomplete��here��because��of��the��nature��of��the��main��escarpment��(a��faulted��
monocline��in��welded��tuff)��and��the��typical��occurrence��of��discontinuous,��shallow��soils��
across��much��of��the��escarpment.��

6.�� Based��on��the��stratigraphy,��characteristics��of��soil��development,��and��distribution��of��fault��
strands��in��trenches��at��Sites��B��and��C,��we��speculate��that��the��overall��history��of��surface��
ruptures��includes��one��Holocene��surface��rupture��(Site��C,��T�r2),��one��latest��Pleistocene��or��
early��Holocene��rupture��(Site��C,��T�r2),��a��late��Pleistocene��rupture��(Site��C,��T�r2;��El��Cajete��
fault),��and��two��or��more��earlier��Pleistocene��ruptures��(mainly��Site��B).����None��of��these��
ruptures��produced��scarps��significantly��greater��that��about��0.5��m��high.��
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PLATE 1
Photomosaic and Log of Site A

Trench AT-1 North Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.
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Scale: 1” = 0.5 m, no vertical exaggeration
Horizontal and vertical color variations on log due to background photo mosaic

Contact
Dashed where approximate;
Queried where uncertain

Fracture
Dashed where approximate;
Queried where uncertain

Fault 
Dashed where approximate;
Queried where uncertain;
Dotted where concealed

Soil Profile (SP)°

OSL Sample 
  Location and age (± one sigma)

OSL-1

Paleomag sample location

A        Structural Measurement

A B

       Tephra Geochemistry Sample

Unit 401  – channel – Clayey sandy silt with gravel, strong brown (7.5YR 4/6 to 5/6), 20-30% gravel, 70-80% fines, fines include 20% 
sand, 70% silt, and 10% clay, generally fining upwards from coarse gravel to sandy silt, thin <3 cm thick sand/fine gravel laminations, 
in places coarse lenses are capped by sandy silt laminations, clasts are subcongular to subrounded, broadly channel shaped deposit 
appears to be trending northwest cross trench, unit is unconformable on Units 201, 211, 231  and post-dates deformation of these 
units, measurement of imbricated clasts resulted in inconclusive channel flow direction, lower boundary is clear and wavy 
[Pleistocene channel gravel].

401

Unit 241  – Ash-rich sandy silt, light gray (10YR 7/1), no gravel or cobbles, 100% fines, primarily silt with <10% fine sand, soft/friable, 
finely bedded to laminated, 1-2 cm thick bed, coarser than Unit 221, unit appears conformable above and below with other subunits. 
This unit is on interbed within Unit 231. Lower boundary is abrupt and irregular [Pleistocene airfall ash].

241

Unit 231  – Sandy gravel to pebble gravel, reddish brown (7.5YR 4/4), 80-90% pea gravel, 10-20% fines, clasts range in size from 3 
mm (avg) to 5 mm (max), clasts are 98% pumice clasts and 2%lithics (calcite?), pumice is dense, and lacks biotite, matrix includes 
minor secondary (?) clay, generally loosely cemented (friable), moderately well to crudely bedded, well sorted, very weak to no soil 
structure, secondary argillic horizons generally follow bedding (laminar B horizons), lower boundary is abrupt and smooth [Pleisto -
cene reworked airfall deposit].

231

Unit 221  – Ash-rich silt, pinkish white (7.5YR 8/2),  99% fines and <1% occasional gravel, clasts range in size from <2 mm (avg) to 5 
mm (max), matrix text is primarily silt sized ash , hard moderately cemented, poorly bedded near base (sandy), clasts are subangular 
obsidian clasts, conformable with units above and below, maximum thickness is 4 cm, in places this unit includes two thin ash-rich 
laminations, lower boundary is abrupt and smooth, [Pleistocene airfall ash].

221

Unit 211  – Silty sand with gravel, pale brown to brown (10YR�������������������”���������V�P�D�O�O���S�H�E�E�O�H�V�������������V�D�Q�G�������������F�R�D�U�V�H���V�D�Q�G���������������V�L�O�W���D�Q�G��
clay, clasts range in size from 0.7 cm (avg) to 2 cm (max), generally massive to poorly bedded in lower part of unit, slightly hard, 
matrix-supported, clasts include oxidenized dense red pumice clasts and obsidian fragments, generally subangular clasts, lower 
boundary is sharp and smooth [Pleistocene Debris Flow Deposit].  

211

Unit 201  – Sandy Silt, pinkish gray (7.5YR�������������������������F�O�D�V�W�V�����”�����F�P���������������V�L�O�W�����������V�D�Q�G�����J�H�Q�H�U�D�O�O�\���P�D�V�V�L�Y�H���Z�L�W�K���J�U�D�G�L�Q�J���R�U���V�W�U�D�W�L�I�L�F�D-
tion, lacks pumice clasts, little to no soil development, lower boundary is abrupt and wavy [Pleistocene Aeolian (?) Deposit].201

Unit 110  – Clayey silty sand with tuff clasts, reddish brown (5YR 4/4), sand 50%, silt 30%, 0-20% tuff clasts, clasts range in size from 
3 cm (avg.) to 1.0 m (max), clayey silty sand, hard, massive, unit fills seams between tuff blocks and fractures, thickness is irregular 
up to 40 cm), lower boundary is abrupt and wavy [Beta horizon?].

110

Unit FF  – Fissure FillFF

Unit FZ – fault zone materialFZ

E X P L A N AT I O N

Unit 700  – Gravelly sandy silt with clay, brown (10YR 5/3), 30% gravel, 80% sand, 30% silt, and up to 15% clay, massive with no 
bedding, stone line preserved along base in places, heavily bioturbated, abundant roots and krotovinas, weak-moderate granular to 
subangular block/soil structure, common to abundant fecal pellets and faunal burrows, moderately-well developed A horizon, lower 
boundary is abrupt to clear and smooth [A Horizon developed in Holocene slope wash]. 

700

Unit 500 – Sandy silt with clay and gravel, strong brown (7.5YR 4/6), 5-15% gravel, 25-30% sand, 25-30% silt, and 15-25% clay, 
clasts include subrounded to rounded ash-flow tuff cobbles and minor weathered dacite and pumice clasts, generally massive, in 
places some coarse lenses may reflect remnant bedding, generally gravel poor, moderate to strong prismatic to angular blocky 
structure, well developed argillans on ped faces, pores, and coating gravel, lower boundary is abrupt and wavy to clear and smooth  
[Bt Horizon formed on Pleistocene slope wash].

500

Unit 600  – Sandy silt with clay, pinkish gray (7.5YR 6/2), 15-30% gravel, contains clasts of underlying Bt (Unit 500) and tuff up to 10 
cm, slight hard, generally massive with a stone line along base in places, weak-moderate subangular structure, loose and friable 
(powdery), formation likely due to concentrated subsurface flow allowing removal of or preventing accumulation of organic matter, 
clay, and Fe-oxides, lower boundary is clear and wavy to abrupt and irregular [E or EBw horizon formed within slope wash].
On Northwall Unit 600 is a single unit. On Southwall Unit 600 is sub-divided into Units 601 and 602. Unit 601 is similar to Unit 600 on 
Northwall. Unit 602 is separated based on a weakly preserved gravel bedding and higher concentration of organic material than in 
underlying Unit 601. 

600
602

601

Unit 100  – Tuff, light gray (5YR 7/1), dry, non-welded to partially welded, matrix supported, poorly sorted, devitrified, unweathered to 
slightly weathered, hard, massive, crystal- and lithic-rich, medium grained (sandy texture), phenocrysts of quartz and feldspar, 
abundant vitrified and devitrified purplish gray pumice of variable sizes and trace dacite lithics (Tschicoma Formation), horizontal 
and subhorizontal fractures, clay coating (pedogenic) on some fracture faces, lower boundary not exposed [Tshirege Member of 
the Bandelier tuff].

100
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PLATE 2
Photomosaic and Log of Site A

Trench AT-1 South Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.
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0

1

-1       

2

3

Scale: 1” = 0.5 m, no vertical exaggeration
Horizontal and vertical color variations on log due to background photo mosaic
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Soil Profile
SA-T1-2

OSL Sample
SA-T1-OSL4

>>43KA

SA-T1-OSL5
   >>45KA
SA-T1-OSL6
   >>44KA

Tephra Geochemistry Sample
A-NS-3.0-0.3

085oSoil Profile
SA-T1-4

SA T1-5
Fault along
backwall
of trench ??

??
??

Contact
Dashed where approximate;
Queried where uncertain

Fracture
Dashed where approximate;
Queried where uncertain

Fault 
Dashed where approximate;
Queried where uncertain;
Dotted where concealed

Soil Profile (SP)°

OSL Sample 
  Location and age (± one sigma)

OSL-1

Paleomag sample location

A        Structural Measurement

       Tephra Geochemistry Sample

E X P L A N AT I O N

Unit 401  – channel – Clayey sandy silt with gravel, strong brown (7.5YR 4/6 to 5/6), 20-30% gravel, 70-80% fines, fines include 20% 
sand, 70% silt, and 10% clay, generally fining upwards from coarse gravel to sandy silt, thin <3 cm thick sand/fine gravel laminations, 
in places coarse lenses are capped by sandy silt laminations, clasts are subcongular to subrounded, broadly channel shaped deposit 
appears to be trending northwest cross trench, unit is unconformable on Units 201, 211, 231  and post-dates deformation of these 
units, measurement of imbricated clasts resulted in inconclusive channel flow direction, lower boundary is clear and wavy 
[Pleistocene channel gravel].

401

Unit 241  – Ash-rich sandy silt, light gray (10YR 7/1), no gravel or cobbles, 100% fines, primarily silt with <10% fine sand, soft/friable, 
finely bedded to laminated, 1-2 cm thick bed, coarser than Unit 221, unit appears conformable above and below with other subunits. 
This unit is on interbed within Unit 231. Lower boundary is abrupt and irregular [Pleistocene airfall ash].

241

Unit 231  – Sandy gravel to pebble gravel, reddish brown (7.5YR 4/4), 80-90% pea gravel, 10-20% fines, clasts range in size from 3 
mm (avg) to 5 mm (max), clasts are 98% pumice clasts and 2%lithics (calcite?), pumice is dense, and lacks biotite, matrix includes 
minor secondary (?) clay, generally loosely cemented (friable), moderately well to crudely bedded, well sorted, very weak to no soil 
structure, secondary argillic horizons generally follow bedding (laminar B horizons), lower boundary is abrupt and smooth [Pleisto -
cene reworked airfall deposit].

231

Unit 221  – Ash-rich silt, pinkish white (7.5YR 8/2),  99% fines and <1% occasional gravel, clasts range in size from <2 mm (avg) to 5 
mm (max), matrix text is primarily silt sized ash , hard moderately cemented, poorly bedded near base (sandy), clasts are subangular 
obsidian clasts, conformable with units above and below, maximum thickness is 4 cm, in places this unit includes two thin ash-rich 
laminations, lower boundary is abrupt and smooth, [Pleistocene airfall ash].

221

Unit 211  – Silty sand with gravel, pale brown to brown (10YR�������������������”���������V�P�D�O�O���S�H�E�E�O�H�V�������������V�D�Q�G�������������F�R�D�U�V�H���V�D�Q�G���������������V�L�O�W���D�Q�G��
clay, clasts range in size from 0.7 cm (avg) to 2 cm (max), generally massive to poorly bedded in lower part of unit, slightly hard, 
matrix-supported, clasts include oxidenized dense red pumice clasts and obsidian fragments, generally subangular clasts, lower 
boundary is sharp and smooth [Pleistocene Debris Flow Deposit].  

211

Unit 201  – Sandy Silt, pinkish gray (7.5YR�������������������������F�O�D�V�W�V�����”�����F�P���������������V�L�O�W�����������V�D�Q�G�����J�H�Q�H�U�D�O�O�\���P�D�V�V�L�Y�H���Z�L�W�K���J�U�D�G�L�Q�J���R�U���V�W�U�D�W�L�I�L�F�D-
tion, lacks pumice clasts, little to no soil development, lower boundary is abrupt and wavy [Pleistocene Aeolian (?) Deposit].201

Unit 110  – Clayey silty sand with tuff clasts, reddish brown (5YR 4/4), sand 50%, silt 30%, 0-20% tuff clasts, clasts range in size from 
3 cm (avg.) to 1.0 m (max), clayey silty sand, hard, massive, unit fills seams between tuff blocks and fractures, thickness is irregular 
up to 40 cm), lower boundary is abrupt and wavy [Beta horizon?].

110

Unit FF  – Fissure FillFF

Unit FZ – fault zone materialFZ

Unit 700  – Gravelly sandy silt with clay, brown (10YR 5/3), 30% gravel, 80% sand, 30% silt, and up to 15% clay, massive with no 
bedding, stone line preserved along base in places, heavily bioturbated, abundant roots and krotovinas, weak-moderate granular to 
subangular block/soil structure, common to abundant fecal pellets and faunal burrows, moderately-well developed A horizon, lower 
boundary is abrupt to clear and smooth [A Horizon developed in Holocene slope wash]. 

700

Unit 500 – Sandy silt with clay and gravel, strong brown (7.5YR 4/6), 5-15% gravel, 25-30% sand, 25-30% silt, and 15-25% clay, 
clasts include subrounded to rounded ash-flow tuff cobbles and minor weathered dacite and pumice clasts, generally massive, in 
places some coarse lenses may reflect remnant bedding, generally gravel poor, moderate to strong prismatic to angular blocky 
structure, well developed argillans on ped faces, pores, and coating gravel, lower boundary is abrupt and wavy to clear and smooth  
[Bt Horizon formed on Pleistocene slope wash].

500

Unit 600  – Sandy silt with clay, pinkish gray (7.5YR 6/2), 15-30% gravel, contains clasts of underlying Bt (Unit 500) and tuff up to 10 
cm, slight hard, generally massive with a stone line along base in places, weak-moderate subangular structure, loose and friable 
(powdery), formation likely due to concentrated subsurface flow allowing removal of or preventing accumulation of organic matter, 
clay, and Fe-oxides, lower boundary is clear and wavy to abrupt and irregular [E or EBw horizon formed within slope wash].
On Northwall Unit 600 is a single unit. On Southwall Unit 600 is sub-divided into Units 601 and 602. Unit 601 is similar to Unit 600 on 
Northwall. Unit 602 is separated based on a weakly preserved gravel bedding and higher concentration of organic material than in 
underlying Unit 601. 

600
602

601

Unit 100  – Tuff, light gray (5YR 7/1), dry, non-welded to partially welded, matrix supported, poorly sorted, devitrified, unweathered to 
slightly weathered, hard, massive, crystal- and lithic-rich, medium grained (sandy texture), phenocrysts of quartz and feldspar, 
abundant vitrified and devitrified purplish gray pumice of variable sizes and trace dacite lithics (Tschicoma Formation), horizontal 
and subhorizontal fractures, clay coating (pedogenic) on some fracture faces, lower boundary not exposed [Tshirege Member of 
the Bandelier tuff].

100
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PLATE 3
Photomosaic and Log of Site A

Trench AT-2 North Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

S i t e  A  T r e n c h  AT - 2  N o r t h  W a l l
U n i n t e r p r e t e d

S i t e  A  T r e n c h  AT - 2  N o r t h  W a l l
I n t e r p r e t e d

Horizontal and vertical color variations on log due to background photo mosaic
Scale: 1” = 0.5 m, no vertical exaggeration
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Contact
Dashed where approximate;
Queried where uncertain

Fracture
Dashed where approximate;
Queried where uncertain

Fault 
Dashed where approximate;
Queried where uncertain;
Dotted where concealed

Soil Profile (SP)°

OSL Sample 
  Location and age (± one sigma)

OSL-1

Paleomag sample location

A        Structural Measurement

Unit 600  – Sandy silt with clay,  pinkish gray (7.5YR 6/2), 15-30% gravel, contains clasts of underlying Bt (Unit 400) and tuff up to 10 
cm, slight hard, generally massive with a stone line along base in places, weak-moderate subangular structure, loose and friable 
(powdery), formation likely due to concentrated subsurface flow allowing removal of or preventing accumulation of organic matter, 
clay, and FE oxides, lower boundary is abrupt, smooth, and broken (faulted) [Holocene “E” or eBw horizon formed within slope 
wash].

600

Unit 700  – Gravelly Sandy Silt with clay, grayish brown to yellowish brown (10YR 5/2 to 5/6), 30% gravel, 70% fines including 40% 
sand, 40% silt, and 20% clay (loam), massive with no bedding, stone line preserved along base in places, heavily bioturbated, 
abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal pellets and 
faunal burrows, Moderately well-developed A horizon, lower boundary is abrupt to clear and smooth [A Horizon developed in 
Holocene slope wash]. 

700

Unit 500 – Sandy Silt with clay and gravel, strong brown (7.5YR 4/6), 10-15% gravel, 85-95% fines, fines include 33-40% sand, 
33-40% silt, and 20-33% clay (clay loam to silt loam),  clasts include subrounded to rounded ash-flow tuff cobbles and minor weath-
ered dacite and pumice clasts, generally gravel poor, moderate to strong medium prismatic to medium angular blocky structure, well 
developed argillans on ped faces, pores, and coating gravel, pressure faces on ped surfaces bleached tops of peds, lower boundary 
is abrupt and wavy to smooth  [Bt Horizon formed on Pleistocene slope wash].

500

Unit 300 – purple- Sandy gravel to gravel with sand and silt, pinkish gray (7.5YR7/2) to light brown (7.5YR7/4), dry, 50-70%gravel, 
10-20%sand, 10% silt, clasts range from 1 to 55 cm, subangular to subrounded miax of Tschicoma and tuff clasts, poorly sorted mix 
of fine to medium sand, generally matrix supported to clast supported in places, very weak to no soil structure, 80-100 cm thick, 
subunit 310 is a 10 cm thick pumice rich sand and gravel lens, 315/316/317 (thinner grained silty sand and gravel; see description 
below), units lower boundary is clear and undulatory [Pleistocene debris flow deposit].

300

Unit 235  – Purple Unit – Sandy Gravel, light brown (7.5YR6/3-6/4), dry, 50-60% gravel to boulders, 30-40% sand, 10% fines, suban-
gular to subrounded clasts up to 10to 25 cm in diameter,  clasts include obsidian chips, Tschicoma, and tuff clasts; generally fining 
upward sequence with some sandy laminations near the top of the unit, sand is fine to coarse, no clay, very weak soil structure, 
minor argillans in places, includes basal Subunits 235a/235b on Northwall, Unit 235a marked by fluvial silt/sand      laminations along 
base Unit 235b . Silty gravel subunit with in 235 lower boundary is sharp and planar [Pleistocene fluvial sand and gravel]. 

Unit 200 – (Lt blue unit) – Bedded Silty Sand with gravel,  light brown (7.5YR 3/6), dry, 70% sand 5-15% gravel, 10-25% fines, clasts 
are <1 cm to 8-10 cm diameter, well rounded to subrounded, generally bedded fluvial sands and gravels, fines upwards in places with 
silt capping unit in places, individual subunits  (described below) were mapped locally to constrain fault relationships, poorly sorted 
fine to medium coarse sand, clast lithologies include trace small obsidian clasts, tuff clasts, Tschicoma clasts, 1 mm weathering rinds 
on some clasts while others are more extensively weathered, very weak soil structure and weak argilans throughout, subunits 
include: Subuit 210 – silty sand, Subunit 215/214 – sand and pea gravel, Subunit 225/230 – massive sandy silty with gravel (mas-
sive); lower boundary is sharp and planar [Pleistocene Fluvial sand and gravel].

235
235a

235b

Unit 100  – Tuff, light gray (5YR7/1), dry, non-welded to partially welded, matrix supported, poorly sorted, devitrified, unweathered to 
slightly weathered, hard, massive, crystal- and lithic-rich, medium grained (sandy texture), phenocrysts of quartz and feldspar, 
abundant vitrified and devitrified purplish gray pumice of variable  sizes and trace dacite lithics (Tschicoma Formation), horizontal 
and subhorizontal fractures, clay coating (pedogenic) on some fracture faces, lower boundary not exposed. See Plate 5-1 and 5-2 for 
description of Unit 110. [Tshirege Member of the Bandelier tuff]. 

100

Unit 317  – (also 315-/316) - Gravelly sand, light brown (7.5YR 6/4), dry, 50% fine to coarse grained sand, 30% small pebble gravel 
with sparse clasts to 5 cm, 10 % silt, generally massive with fining up sequence, forming thin tabular body, fined grained cap on 
coarser debris flow deposits, lower boundary is clear and undulatory [Pleistocene sand and gravel debris flow deposits]. 

317

Unit 410  – Silty gravel with sand and trace clay, brown (7.5YR 5/4) to strong brown (7.5YR5/6), clasts range from 7 to 40 cm in 
diameter, subangular to subrounded, mix of Tschicoma and tuff clasts, generally maxtrix supported and clast supported in places, 
lower boundary is clear, undulatory, and faulted and warped [Pleistocene Colluvial wedge #1 deposit].

410

Unit 420 – Clayey gravel with sand, reddish brown (5YR4/3 to brown (7.5YR4/3), dry, matrix is sandy clay with silt, clasts range from 
5-15 cm, subangular to subrounded, mix of Tschicoma and tuff clasts, generally matrix supported and to clast supported in places, 
maximum thickness is approximately 20 cm, lower boundary is clear, undulatory, and faulted and warped [Pleistocene Colluvial 
wedge #2 deposit].

420

Unit FF  – Fissure FillFF

Unit FZ – fault zone materialFZ

200

225/
230

214/
215

210
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PLATE 4
Photomosaic and Log of Site A

Trench AT-2 South Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

S i t e  A  T r e n c h  AT - 2  S o u t h  W a l l
U n i n t e r p r e t e d

S i t e  A  T r e n c h  AT - 2  S o u t h  W a l l
I n t e r p r e t e d

Horizontal and vertical color variations on log due to background photo mosaic
Scale: 1” = 0.5 m, no vertical exaggeration

-2

3

-1

0

2

Horizontal Distance (Meters) 

Horizontal Distance (Meters) 

34 33 32 29 28 273031 24 23 222526 19 18 172021 141516 13 12 9 8 71011 4 3 256 01

34 33 32 29 28 273031 24 23 222526 19 18 172021 141516 13 12 9 8 71011 4 3 256 01

D
ep

th
 (

M
et

er
s)

1

-2

3

-1

0

2

D
ep

th
 (

M
et

er
s)

1

-2

-1

0

2

D
epth (M

eters)

1

Contact
Dashed where approximate;
Queried where uncertain

Fracture
Dashed where approximate;
Queried where uncertain
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Dashed where approximate;
Queried where uncertain;
Dotted where concealed

Soil Profile (SP)°

OSL Sample 
  Location and age (± one sigma)

OSL-1

Paleomag sample location

A        Structural Measurement

E X P L A N AT I O N

Unit 600  – Sandy silt with clay,  pinkish gray (7.5YR 6/2), 15-30% gravel, contains clasts of underlying Bt (Unit 400) and tuff up to 10 
cm, slight hard, generally massive with a stone line along base in places, weak-moderate subangular structure, loose and friable 
(powdery), formation likely due to concentrated subsurface flow allowing removal of or preventing accumulation of organic matter, 
clay, and FE oxides, lower boundary is abrupt, smooth, and broken (faulted) [Holocene “E” or eBw horizon formed within slope 
wash].

600

Unit 700  – Gravelly Sandy Silt with clay, grayish brown to yellowish brown (10YR 5/2 to 5/6), 30% gravel, 70% fines including 40% 
sand, 40% silt, and 20% clay (loam), massive with no bedding, stone line preserved along base in places, heavily bioturbated, 
abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal pellets and 
faunal burrows, Moderately well-developed A horizon, lower boundary is abrupt to clear and smooth [A Horizon developed in 
Holocene slope wash]. 

700

Unit 500 – Sandy Silt with clay and gravel, strong brown (7.5YR 4/6), 10-15% gravel, 85-95% fines, fines include 33-40% sand, 
33-40% silt, and 20-33% clay (clay loam to silt loam),  clasts include subrounded to rounded ash-flow tuff cobbles and minor weath-
ered dacite and pumice clasts, generally gravel poor, moderate to strong medium prismatic to medium angular blocky structure, well 
developed argillans on ped faces, pores, and coating gravel, pressure faces on ped surfaces bleached tops of peds, lower boundary 
is abrupt and wavy to smooth  [Bt Horizon formed on Pleistocene slope wash].

500

Unit 300 – purple- Sandy gravel to gravel with sand and silt, pinkish gray (7.5YR7/2) to light brown (7.5YR7/4), dry, 50-70%gravel, 
10-20%sand, 10% silt, clasts range from 1 to 55 cm, subangular to subrounded miax of Tschicoma and tuff clasts, poorly sorted mix 
of fine to medium sand, generally matrix supported to clast supported in places, very weak to no soil structure, 80-100 cm thick, 
subunit 310 is a 10 cm thick pumice rich sand and gravel lens, 315/316/317 (thinner grained silty sand and gravel; see description 
below), units lower boundary is clear and undulatory [Pleistocene debris flow deposit].

300

Unit 235  – Purple Unit – Sandy Gravel, light brown (7.5YR6/3-6/4), dry, 50-60% gravel to boulders, 30-40% sand, 10% fines, suban-
gular to subrounded clasts up to 10to 25 cm in diameter,  clasts include obsidian chips, Tschicoma, and tuff clasts; generally fining 
upward sequence with some sandy laminations near the top of the unit, sand is fine to coarse, no clay, very weak soil structure, 
minor argillans in places, includes basal Subunits 235a/235b on Northwall, Unit 235a marked by fluvial silt/sand      laminations along 
base Unit 235b . Silty gravel subunit with in 235 lower boundary is sharp and planar [Pleistocene fluvial sand and gravel]. 

Unit 200 – (Lt blue unit) – Bedded Silty Sand with gravel,  light brown (7.5YR 3/6), dry, 70% sand 5-15% gravel, 10-25% fines, clasts 
are <1 cm to 8-10 cm diameter, well rounded to subrounded, generally bedded fluvial sands and gravels, fines upwards in places with 
silt capping unit in places, individual subunits  (described below) were mapped locally to constrain fault relationships, poorly sorted 
fine to medium coarse sand, clast lithologies include trace small obsidian clasts, tuff clasts, Tschicoma clasts, 1 mm weathering rinds 
on some clasts while others are more extensively weathered, very weak soil structure and weak argilans throughout, subunits 
include: Subuit 210 – silty sand, Subunit 215/214 – sand and pea gravel, Subunit 225/230 – massive sandy silty with gravel (mas-
sive); lower boundary is sharp and planar [Pleistocene Fluvial sand and gravel].

235
235a

235b

Unit 100  – Tuff, light gray (5YR7/1), dry, non-welded to partially welded, matrix supported, poorly sorted, devitrified, unweathered to 
slightly weathered, hard, massive, crystal- and lithic-rich, medium grained (sandy texture), phenocrysts of quartz and feldspar, 
abundant vitrified and devitrified purplish gray pumice of variable  sizes and trace dacite lithics (Tschicoma Formation), horizontal 
and subhorizontal fractures, clay coating (pedogenic) on some fracture faces, lower boundary not exposed. See Plate 5-1 and 5-2 for 
description of Unit 110. [Tshirege Member of the Bandelier tuff]. 

100

Unit 317  – (also 315-/316) - Gravelly sand, light brown (7.5YR 6/4), dry, 50% fine to coarse grained sand, 30% small pebble gravel 
with sparse clasts to 5 cm, 10 % silt, generally massive with fining up sequence, forming thin tabular body, fined grained cap on 
coarser debris flow deposits, lower boundary is clear and undulatory [Pleistocene sand and gravel debris flow deposits]. 

317

Unit 410  – Silty gravel with sand and trace clay, brown (7.5YR 5/4) to strong brown (7.5YR5/6), clasts range from 7 to 40 cm in 
diameter, subangular to subrounded, mix of Tschicoma and tuff clasts, generally maxtrix supported and clast supported in places, 
lower boundary is clear, undulatory, and faulted and warped [Pleistocene Colluvial wedge #1 deposit].

410

Unit 420 – Clayey gravel with sand, reddish brown (5YR4/3 to brown (7.5YR4/3), dry, matrix is sandy clay with silt, clasts range from 
5-15 cm, subangular to subrounded, mix of Tschicoma and tuff clasts, generally matrix supported and to clast supported in places, 
maximum thickness is approximately 20 cm, lower boundary is clear, undulatory, and faulted and warped [Pleistocene Colluvial 
wedge #2 deposit].

420

Unit FF  – Fissure FillFF

Unit FZ – fault zone materialFZ
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PLATE 5
Photomosaic and Log of Site B

Trench BT-1 North Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

Boundary

Soil Boundary

Fracture

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain
Dotted where concealed

? ?

Fault
Dashed where approximate;
Queried where uncertain
Dotted where concealed

Radiocarbon dates are 
Cal yr BP (95% confidence)

AA
ABAB
Bw2Bw2

Bw1Bw1

Bw3Bw3

Bw4Bw4

Soil Profile (SP)Soil Profile (SP)°

Samples:

Post - El Cajete pumice
datum (<74 Ka)

Structural MeasurementS1

E X P L A N AT I O N

Unit 600  – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to brown (7.5YR 5/2); clasts are pebbles-sized, up to 30%, sub-round-
ed to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; non-plastic, 
low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil horizons, the upper 
surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower horizon is more 
porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction of weathered 
Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium].

600

Unit 400  – Clayey silt loam with common fine gravel and sparse larger clasts; reddish brown (5YR 4/4) to brown (7.5YR 5/4); clasts 
range from pebbles to sparse medium to small cobbles, subangular, tabular, from Bandelier Tuff (Qbt3t?), clay coated, pebbles are 
moderately weathered, up to 30% and randomly distributed throughout unit, some localized concentrations of small pebbles may 
indicate more energetic (alluvial) deposition, these localizations are observed at the base of sub-unit contacts; larger clasts are less 
than 10%, slightly to moderately weathered, moderately fractured, concentrated towards base of unit; sand is 20%, subangular to 
subrounded, fine to medium; silt is 20 to 50%, clay is 10 to 30% with concentration varying with depth (i.e. greater clay content lower 
in unit); moderately moist, medium stiff where cohesive, medium dense where granular (pebble portions), slightly plastic; few small 
roots, common root filaments, abundant very small pores, few larger voids; clay content in unit indicative of Bt associated with a 
small, moderate subangular blocky soil texture; basal contact is inclined downslope, wavy to irregular, clear. Subunits 401, 402, 403, 
and 404 reflect a combination of stone lines, thin interbeds of fining and coarsening sequences that were differentiated out to assess 
displacement. Subunit 410 within Unit 400 represents a weak  tonal differentiation but is generally similar to Unit 400. 
[Pleistocene Alluvium/Colluvium].

Unit 300 – Silty clay with sand, gravel and larger clasts and prominent argillic soil; reddish brown (5YR 5/3 to 5YR 5/4); clasts to 
40%, ranging from large cobbles to medium pebbles; large cobbles are subangular to subrounded, to 20%, tabular, moderately 
weathered, moderately fractured, randomly distributed throughout unit, but with discontinuous stone line at lower contact; pebbles 
and small cobbles are moderately weathered, up to 20% and randomly distributed throughout unit; sand is 10%, subangular to 
subrounded, fine to medium; silt is 20%, rest is clay; moist, cohesive, stiff, medium plasticity; no roots, no pores; increased clay 
content in unit relative to above Unit 400, indicative of strong Bt development and strong to moderate small prismatic soil structure; 
basal contact is planar, abrupt, defined by basal stone line, and absence of large clasts in unit below.
[Pleistocene Coarse Colluvium].

300

Unit 590 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brown (7.5YR 6/3); clasts 30%, small to medium pebble-sized, 
sub-rounded to sub-angular, predominantly (>75%) Bandelier tuff (Qbt3t) with sparse El Cajete Tuff clasts; sand to 30%, subangular, 
fine to medium, medium sorting, quartz, locally in higher concentrations as lenticular and discontinuous subhorizontal layers; silt up 
to 50%, trace clay; similar in texture to Unit 600, slightly more cohesive, loose; few roots 2mm, common small pores; juvenile Bt soil 
developed in upper 20 cm, associated with a very weak granular soil texture; basal contact sharp, wavy to planar, oriented 
downslope, slightly steeper than the ground surface. Unit 590 consists of a distal and proximal colluvium on the slope that grades to 
Holocene alluvium Unit 595. [Holocene Surficial Slope Colluvium].

590

Unit 510  – Coarse gravel with sandy loam; light brown (7.5YR 6/3) to brown (7.5YR 5/3); unit grades from basal coarse gravel to 
matrix supported sandy silt with clay and fine gravel; larger clasts are medium cobble to large pebble, up to 60% in basal 10 to 50 
cm, to large to small pebbles in upper 20 to 30 cm, approximately 10 to 20%, angular to subangular, Bandelier tuff (Qbt3t), clasts are 
discontinuously silt and clay coated; sand to 30 to 40%, more consistently distributed throughout unit, subangular, quartz; rest silt 
with trace clay; slightly moist, non-plastic, low cohesion; sparse roots 2 to 4mm, locally concentrated (root balls), common small 
pores; unit has a weak Bt horizon with discontinuous laminar Bt layers sporadically distributed throughout, granular to very weak 
subangular blocky structure; basal contact is channelized defined by interlocked cobbles, with a clear fining upward sequence, 
sharp. [Late Pleistocene Fluvial / Alluvial Deposit].

510

Unit 500 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3); small pebble to granules from 30 to 80%, subangular to 
subrounded, moderately to completely weathered, weak, friable, porous to vuggy, well sorted, fills low irregularities in basal contact 
and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is variable in composition due to weath-
ering a decomposition of pumice combined with integration of pedogenic clay; slightly to moderately moist, moderately weak to 
moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root filaments, many small pores and open 
interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar Bt layers up to 1 cm, weak granular to 
sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt absence of pumice in unit below. [Late 
Pleistocene (72 ka) Primary and Reworked El Cajete Deposit].

500

Unit 580 – Sandy gravel with clay; brown (7.5YR 4/4) to strong brown (7.5YR 5/6); clasts 30 to 90%, abundant small to large pebbles, 
subrounded to rounded, well sorted, mostly Bandelier Tuff (Qbt3t) with some rare El Cajete clasts, concentrated in fluvial channel 
deposits and in lesser concentrations distributed throughout the unit, diffusely and discontinuously bedded; common small to large 
cobbles, subrounded to subangular, tabular, slope imbricated, all Bandelier Tuff (Qbt3t); all clasts are discontinuously clay coated, 
Bandelier clasts are slightly weathered, El Cajete clasts are highly weathered; silt is 40% in matrix supported regions, trace to 5% in 
clast supported areas; clay 10 to 20%, forms interstitial material in clast supported areas; slightly to moderately moist, loose where 
clasts supported, medium dense, slightly cohesive where matrix supported, low plasticity; common roots and rootlets, many small to 
medium sized pores; pedogenic clay development throughout unit, in matrix supported areas, 5 to 10 mm wide laminar Bt horizons 
are common, anastomosing, associated with a weak small subangular blocky to prismatic soil structure; in clast supported areas, 
clay is concentrated near basal contact and around clasts; basal contact is clear, defined by absence of clasts in unit below, wavy to 
channelized. [Holocene Fluvial / Alluvial Deposits].       

580

Unit 450 – Sandy silt and clay with fine gravel; brown (7.5YR 5/3) to reddish brown (5YR 4/3); clasts are small pebble sized, approxi -
mately 10 to 20%, subangular, Bandelier tuff (Qbt3t), clasts are continuously silt and clay coated; sand to 20%, subangular to 
subrounded, mostly quartz; rest equal parts silt and clay; moderately moist, slightly plastic, moderate cohesiveness; common roots to 
5mm, and sparse small to medium pores, many vertical desiccation fractures with 2 to 4 mm apertures; unit has a moderate to strong 
Bt horizon with moderate, small subangular blocky to prismatic soil structure; basal contact is wavy to irregular, and may be offset by 
faulting in several locations, contact is clear defined by a discontinuous stone line. [Late Pleistocene Alluvium].

450

Unit 420 – Sandy silt with medium to coarse gravel; brown (7.5YR 5/4 to 7.5YR 5/3); clasts are small cobble to medium pebble sized, 
up to 30%, subangular to subrounded, moderately weathered, bound tightly in a silt matrix with continuous silt coatings; 30% sand, 
medium to coarse, subrounded; 30% silt, trace to 10% clay; slightly moist, slightly cohesive, dense, friable, non-plastic; few small 
roots, few small pores; slight Bwt throughout, granular to moderate small subangular blocky soil developed throughout; basal contact 
is horizontal and project above the gently east sloping ground surface, planar, clear to diffuse over 10 cm. [Late Pleistocene 
Scarp-Derived Colluvium].

420

Unit 200 – Clay loam with fine gravel and sparse small cobbles; brown (7.5YR 4/3); clasts up to 20%, range from small cobbles to 
small pebbles and granules; large cobbles are subrounded, tabular, downslope imbricated, moderately weathered, concentrated at 
base of unit; medium to small pebbles are more common, subangular, slightly to moderately weathered, randomly distributed 
throughout unit; sand is 30%, subangular to subrounded, fine to medium; silt is 50%, rest is clay (trace to 10%); moderately moist, 
slightly cohesive, medium stiffness, low plasticity; no roots, few medium pores; pronounced decrease in clay relative to above Unit 
300, Bwtj developed throughout, with weak small subangular blocky structure; basal contact is unconformable on bedrock and 
associated clay (Unit 102), planar, abrupt. [Pleistocene Fine Colluvium] .      

200

Unit 102 – Silty clay; dark reddish brown (5YR 3/3) to dark brown (7.5YR 3/3); rare small pebbles less than 10%, from Bandelier Tuff 
(Qbt3t), rounded to subrounded, tabular, moderately weathered; silt to 30%, rest clay; plastic, cohesive, stiff; few larger roots at basal 
contact with bedrock, no pores other than subvertical desiccation cracks; prominent argillic development, with corresponding strong 
small prismatic pedogenic structure, likely associated with the development of a beta Bt horizon above the bedrock-regolith interface. 
Clayey regolith, [Betahorizon].

102

Unit 105  – Sequence of silty clay to clay loam deposits with large cobbles; dark brown (7.5YR 3/3) to reddish brown (5YR 4/4); clasts 
are disarticulated Bandelier Tuff (Qbt3t), up to 60%, tabular, subrounded, moderately weathered, completely clay coated, inclined 
parallel to bedrock surface; few smaller clasts, typically medium to small pebble sized, subangular, appear fragments of larger 
fractured clasts; sand to 10%, rest silt and clay in equal parts, clay content increases with depth, locally concentrated in other 
portions of the unit; slightly moist, moderate plasticity, moderately cohesive, stiff; few small roots, rootlets, and root filaments, few 
small pores; basal contact buried, lateral contact with Unit 102 and bedrock are sharp, planar, and follow upper bedrock surface. 
[Pleistocene (Older) Colluvium].

105

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular
crystals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide 
to very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger
crystals. [Bandelier Tuff (Tshirege member Qbt3t)].
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Samples:

Post - El Cajete pumice
datum (<74 Ka)

S1

Unit 600  – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to brown (7.5YR 5/2); clasts are pebbles-sized, up to 30%, sub-round-
ed to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; non-plastic, 
low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil horizons, the upper 
surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower horizon is more 
porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction of weathered 
Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium].

600

Unit 400  – Clayey silt loam with common fine gravel and sparse larger clasts; reddish brown (5YR 4/4) to brown (7.5YR 5/4); clasts 
range from pebbles to sparse medium to small cobbles, subangular, tabular, from Bandelier Tuff (Qbt3t?), clay coated, pebbles are 
moderately weathered, up to 30% and randomly distributed throughout unit, some localized concentrations of small pebbles may 
indicate more energetic (alluvial) deposition, these localizations are observed at the base of sub-unit contacts; larger clasts are less 
than 10%, slightly to moderately weathered, moderately fractured, concentrated towards base of unit; sand is 20%, subangular to 
subrounded, fine to medium; silt is 20 to 50%, clay is 10 to 30% with concentration varying with depth (i.e. greater clay content lower 
in unit); moderately moist, medium stiff where cohesive, medium dense where granular (pebble portions), slightly plastic; few small 
roots, common root filaments, abundant very small pores, few larger voids; clay content in unit indicative of Bt associated with a 
small, moderate subangular blocky soil texture; basal contact is inclined downslope, wavy to irregular, clear. Subunits 401, 402, 403, 
and 404 reflect a combination of stone lines, thin interbeds of fining and coarsening sequences that were differentiated out to assess 
displacement. Subunit 410 within Unit 400 represents a weak  tonal differentiation but is generally similar to Unit 400. [Pleistocene 
Alluvium/Colluvium].

Unit 300 – Silty clay with sand, gravel and larger clasts and prominent argillic soil; reddish brown (5YR 5/3 to 5YR 5/4); clasts to 
40%, ranging from large cobbles to medium pebbles; large cobbles are subangular to subrounded, to 20%, tabular, moderately 
weathered, moderately fractured, randomly distributed throughout unit, but with discontinuous stone line at lower contact; pebbles 
and small cobbles are moderately weathered, up to 20% and randomly distributed throughout unit; sand is 10%, subangular to 
subrounded, fine to medium; silt is 20%, rest is clay; moist, cohesive, stiff, medium plasticity; no roots, no pores; increased clay 
content in unit relative to above Unit 400, indicative of strong Bt development and strong to moderate small prismatic soil structure; 
basal contact is planar, abrupt, defined by basal stone line, and absence of large clasts in unit below. [Pleistocene Coarse
Colluvium].

300

Unit 590 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brown (7.5YR 6/3); clasts 30%, small to medium pebble-sized, 
sub-rounded to sub-angular, predominantly (>75%) Bandelier tuff (Qbt3t) with sparse El Cajete Tuff clasts; sand to 30%, subangular, 
fine to medium, medium sorting, quartz, locally in higher concentrations as lenticular and discontinuous subhorizontal layers; silt up 
to 50%, trace clay; similar in texture to Unit 600, slightly more cohesive, loose; few roots 2mm, common small pores; juvenile Bt soil 
developed in upper 20 cm, associated with a very weak granular soil texture; basal contact sharp, wavy to planar, oriented 
downslope, slightly steeper than the ground surface. Unit 590 consists of a distal and proximal colluvium on the slope that grades to 
Holocene alluvium Unit 595. [Holocene Surficial Slope Colluvium].

590

Unit 510  – Coarse gravel with sandy loam; light brown (7.5YR 6/3) to brown (7.5YR 5/3); unit grades from basal coarse gravel to 
matrix supported sandy silt with clay and fine gravel; larger clasts are medium cobble to large pebble, up to 60% in basal 10 to 50 
cm, to large to small pebbles in upper 20 to 30 cm, approximately 10 to 20%, angular to subangular, Bandelier tuff (Qbt3t), clasts are 
discontinuously silt and clay coated; sand to 30 to 40%, more consistently distributed throughout unit, subangular, quartz; rest silt 
with trace clay; slightly moist, non-plastic, low cohesion; sparse roots 2 to 4mm, locally concentrated (root balls), common small 
pores; unit has a weak Bt horizon with discontinuous laminar Bt layers sporadically distributed throughout, granular to very weak 
subangular blocky structure; basal contact is channelized defined by interlocked cobbles, with a clear fining upward sequence, 
sharp. [Late Pleistocene Fluvial / Alluvial Deposit].

510

Unit 500 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3); small pebble to granules from 30 to 80%, subangular to 
subrounded, moderately to completely weathered, weak, friable, porous to vuggy, well sorted, fills low irregularities in basal contact 
and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is variable in composition due to weath-
ering a decomposition of pumice combined with integration of pedogenic clay; slightly to moderately moist, moderately weak to 
moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root filaments, many small pores and open 
interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar Bt layers up to 1 cm, weak granular to 
sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt absence of pumice in unit below. [Late 
Pleistocene (72 ka) Primary and Reworked El Cajete Deposit].

500

Unit 580 – Sandy gravel with clay; brown (7.5YR 4/4) to strong brown (7.5YR 5/6); clasts 30 to 90%, abundant small to large pebbles, 
subrounded to rounded, well sorted, mostly Bandelier Tuff (Qbt3t) with some rare El Cajete clasts, concentrated in fluvial channel 
deposits and in lesser concentrations distributed throughout the unit, diffusely and discontinuously bedded; common small to large 
cobbles, subrounded to subangular, tabular, slope imbricated, all Bandelier Tuff (Qbt3t); all clasts are discontinuously clay coated, 
Bandelier clasts are slightly weathered, El Cajete clasts are highly weathered; silt is 40% in matrix supported regions, trace to 5% in 
clast supported areas; clay 10 to 20%, forms interstitial material in clast supported areas; slightly to moderately moist, loose where 
clasts supported, medium dense, slightly cohesive where matrix supported, low plasticity; common roots and rootlets, many small to 
medium sized pores; pedogenic clay development throughout unit, in matrix supported areas, 5 to 10 mm wide laminar Bt horizons 
are common, anastomosing, associated with a weak small subangular blocky to prismatic soil structure; in clast supported areas, 
clay is concentrated near basal contact and around clasts; basal contact is clear, defined by absence of clasts in unit below, wavy to 
channelized. [Holocene Fluvial / Alluvial Deposits].       

580

Unit 450 – Sandy silt and clay with fine gravel; brown (7.5YR 5/3) to reddish brown (5YR 4/3); clasts are small pebble sized, approxi -
mately 10 to 20%, subangular, Bandelier tuff (Qbt3t), clasts are continuously silt and clay coated; sand to 20%, subangular to 
subrounded, mostly quartz; rest equal parts silt and clay; moderately moist, slightly plastic, moderate cohesiveness; common roots to 
5mm, and sparse small to medium pores, many vertical desiccation fractures with 2 to 4 mm apertures; unit has a moderate to strong 
Bt horizon with moderate, small subangular blocky to prismatic soil structure; basal contact is wavy to irregular, and may be offset by 
faulting in several locations, contact is clear defined by a discontinuous stone line. [Late Pleistocene Alluvium].

450

Unit 420 – Sandy silt with medium to coarse gravel; brown (7.5YR 5/4 to 7.5YR 5/3); clasts are small cobble to medium pebble sized, 
up to 30%, subangular to subrounded, moderately weathered, bound tightly in a silt matrix with continuous silt coatings; 30% sand, 
medium to coarse, subrounded; 30% silt, trace to 10% clay; slightly moist, slightly cohesive, dense, friable, non-plastic; few small 
roots, few small pores; slight Bwt throughout, granular to moderate small subangular blocky soil developed throughout; basal contact 
is horizontal and project above the gently east sloping ground surface, planar, clear to diffuse over 10 cm. [Late Pleistocene 
Scarp-Derived Colluvium].

420

Unit 200 – Clay loam with fine gravel and sparse small cobbles; brown (7.5YR 4/3); clasts up to 20%, range from small cobbles to 
small pebbles and granules; large cobbles are subrounded, tabular, downslope imbricated, moderately weathered, concentrated at 
base of unit; medium to small pebbles are more common, subangular, slightly to moderately weathered, randomly distributed 
throughout unit; sand is 30%, subangular to subrounded, fine to medium; silt is 50%, rest is clay (trace to 10%); moderately moist, 
slightly cohesive, medium stiffness, low plasticity; no roots, few medium pores; pronounced decrease in clay relative to above Unit 
300, Bwtj developed throughout, with weak small subangular blocky structure; basal contact is unconformable on bedrock and 
associated clay (Unit 102), planar, abrupt. [Pleistocene Fine Colluvium] .      

200

Unit 102 – Silty clay; dark reddish brown (5YR 3/3) to dark brown (7.5YR 3/3); rare small pebbles less than 10%, from Bandelier Tuff 
(Qbt3t), rounded to subrounded, tabular, moderately weathered; silt to 30%, rest clay; plastic, cohesive, stiff; few larger roots at basal 
contact with bedrock, no pores other than subvertical desiccation cracks; prominent argillic development, with corresponding strong 
small prismatic pedogenic structure, likely associated with the development of a beta Bt horizon above the bedrock-regolith interface. 
Clayey regolith, [Betahorizon].

102

Unit 105  – Sequence of silty clay to clay loam deposits with large cobbles; dark brown (7.5YR 3/3) to reddish brown (5YR 4/4); clasts 
are disarticulated Bandelier Tuff (Qbt3t), up to 60%, tabular, subrounded, moderately weathered, completely clay coated, inclined 
parallel to bedrock surface; few smaller clasts, typically medium to small pebble sized, subangular, appear fragments of larger 
fractured clasts; sand to 10%, rest silt and clay in equal parts, clay content increases with depth, locally concentrated in other 
portions of the unit; slightly moist, moderate plasticity, moderately cohesive, stiff; few small roots, rootlets, and root filaments, few 
small pores; basal contact buried, lateral contact with Unit 102 and bedrock are sharp, planar, and follow upper bedrock surface. 
[Pleistocene (Older) Colluvium].

105

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular crys -
tals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide to 
very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger crys-
tals. [Bandelier Tuff (Tshirege member Qbt3t)].

100

E X P L A N AT I O N

595

404

F
ile

 p
at

h:
 S

:\1
17

1\
A

gi
so

ft\
S

ite
 B

\Il
lu

st
ra

to
r\

R
ev

C
\P

la
te

-6
_S

ite
B

_T
1S

ou
th

_1
m

.a
i; 

D
at

e:
 0

9/
27

/2
01

9;
 U

se
r:

 J
C

h,
 W

K
N

 L
C

I

PLATE 6
Photomosaic and Log of Site B

Trench BT-1 South Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.



72 85 64 93 11 1810 12 13 14 15 16 17 19 200 11

-3

-6

-2

-4

-5

72 85 64 93 11 1810 12 13 14 15 16 17 19 200 11

1

0

-1

-2

-3

-4

-3

-2

-5

-6

-1

-2

-3

1

0

??

? ?

510

450

102

402

402

402

402

403

403

510

102

450

I n t e r p r e t e d

S i t e  B  T r e n c h
B T - 2  N o r t h  W a l l

U n i n t e r p r e t e d

Horizontal Distance (Meters) 

Horizontal Distance (Meters) 
E

le
va

tio
n 

(M
et

er
s)

E
le

va
tio

n 
(M

et
er

s)

E
levation (M

eters)
E

levation (M
eters)

Scale: 1” = 0.5 m;
No vertical exaggeration

285o

301

301

?

“gravely”“gravely”

“silty”“silty”

Western
Fault
Zone

Eastern
Fault
Zone

404

404

finefine

finefine

finefine

coarsecoarse

coarsecoarse

finefine

coarsecoarse

coarsecoarse

coarsecoarse

??

??

??

??

??

??

??

??

????
??

??

??

??
??

??

??

??

??

??
??

??

??

????

K

285o 075o

101b

101b

101a

101a

300

B-T2N-OSL1B-T2N-OSL1

B-T2-RC7B-T2-RC7
B-T2-RC8B-T2-RC8

10.3 ± 0.7 ka

2460 - 2710
cal yrs BP

35.4 ± 3.5 ka

B-T2N-OSL2B-T2N-OSL2

Modern

S1: 358°/90°S1: 358°/90°

S3: 020°/90°S3: 020°/90°

S2: 060°/55°-60°S2: 060°/55°-60°

Structural Data:

S1

S1 S1

BT2P2BT2P2

Ap/A1Ap/A1
A2A2

Bw1Bw1

Bt1Bt1

Bt2Bt2

Bt1b1Bt1b1

Bt2b1Bt2b1

Bt1b2Bt1b2

Bt2b2Bt2b2

Bt3b2Bt3b2

Bt1b3Bt1b3

Bt2b3Bt2b3

Bt1b4Bt1b4

Bt2b4Bt2b4

Bt3b4Bt3b4

Bt4b4Bt4b4

Bt1b5Bt1b5

Bt2b5Bt2b5

BCb5BCb5

7

Horizontal Distance (Meters) 

E
levation (M

eters)

0 1 Meter

1110 12 13

-3

-2

-1

-4

-5

510

510

Alternative Interpretation Eastern Fault Zone Northwall

210

402

405404

404

310

305

225

305-
310

CW?

??

405

403

225

210

200

402

403

Boundary

Soil Boundary

Fracture

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain
Dotted where concealed

? ?

Fault
Dashed where approximate;
Queried where uncertain
Dotted where concealed

Radiocarbon ages are 
cal yrs BP (95% confidence)

OSL Sample 
  Location and age (± one sigma)

Structural Measurement

AA
ABAB
Bw2Bw2

Bw1Bw1

Bw3Bw3

Bw4Bw4

Soil Profile (SP)Soil Profile (SP)°
Samples:

Post - El Cajete pumice
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E X P L A N AT I O N

Unit 600  – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to brown (7.5YR 5/2); clasts are pebbles-sized, up to 30%, sub-round-
ed to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; non-plastic, 
low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil horizons, the upper 
surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower horizon is more 
porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction of weathered 
Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium/Alluvium].

600

Unit 450 – Clay loam with fine gravel; reddish brown (5YR 5/4) to brown (7.5YR 5/4); small to large pebbles 20%, subangular, 
moderately weathered, poorly sorted, Bandelier Tuff (Qbt3t); sand 20%, subangular, quartz; silt 20%; clay 40%; slightly moist, 
cohesive, stiff, slightly plastic (with wetting); few roots to 2 cm, few smaller roots and rootlets, common root filaments, common small 
pores, subvertical (slope perpendicular) desiccation cracks; prominent pedogenic clay development, small, moderate to strong 
prismatic structure, Bt; basal contact is wavy, clear, defined by abrupt drop in clay content in unit below. [Pleistocene Colluvium 
with Prominent Argillic Soil].

450

Unit 200 – Silty clay with gravel and cobbles; reddish brown (5YR 4/3 to 4/4) matrix with pale brown (10YR 6/3) to light grayish blue 
(10B 7/1) clasts; small to medium cobbles approximately 20%, moderately to completely weathered, tabular, slope imbricated, like 
Bandelier Tuff (subunit unclear); small to medium gravel to 10%, moderately to completely weathered, moderate sorting; slightly 
moist, stiff, slightly plastic, cohesive; few small roots, common root filaments between peds, very few small pores; unit highly desic-
cated, strong small subangular blocky to small prismatic (locally in beds) structure associated with a Btss, clasts are continuously 
coated with clay up to 2mm thick; basal contact is wavy, abrupt, defined by basal 2 cm thick laminar Bt. [Pleistocene Coarse
Colluvium with Prominent Argillic Soil].    

200

Unit 101b  – Clayey silt with gravel; light brown (7.5YR 6/3); medium cobbles 5%, subrounded to subangular, continuous clay coats; 
small to medium pebbles 30%, subrounded, moderately to highly weathered, poorly sorted, composed of Bandelier Tuff (Qbt3t); 
trace sand; silt 50%; rest clay; dry, hard, nonplastic, slightly cohesive; consistent Bwt developed through the unit associated with 
small, weak subangular blocky structure, some sparse Mn-oxide staining throughout, Mn oxide blebs/nodules rare, Mn and Fe oxide 
also discontinuously coats clasts; many sm. pores, few large roots generally encountered along fractures and suspected fault traces; 
basal contact is buried, unit in fault contact to east, sharp, planar. [Pleistocene Fine-Grained Colluvium].

Unit 102 – Silty sand to silt loam; reddish brown (5YR 4/4) to brown (5YR 4/4); small cobbles 10%, small to large pebbles 20%, 
subangular to subrounded, moderately to highly weathered, poorly sorted, Bandelier Tuff (Qbt3t); sand 10%; silt 30%; clay 50%; dry, 
cohesive, stiff, plastic (with wetting); few roots, common small pores, prominent subvertical (slope perpendicular) desiccation cracks; 
prominent pedogenic clay development, medium strong prismatic structure, Btss; basal contact is wavy, clear, defined by abrupt drop 
in clay content in unit below. [Pleistocene Colluvium with Prominent Argillic Soil].

102

Unit 100a – Coarse gravel and cobbles with a silty clay matrix; reddish brown (5YR 4/4) to brown (7.5YR 5/4); medium to large 
cobbles 20%, small cobbles 20%, large to medium pebbles 10%, subangular, tabular, moderately sorted, randomly oriented with no 
clear imbrication, Bandelier Tuff (Qbt3t), continuous silt coating, discontinuous clay coating, some Fe and Mn oxidation; sand 10%; 
silt 30 to 40%; trace clay; clasts tightly bound in heavily indurated silt matrix, dry, hard to very hard, friable, nonplastic, low to no 
cohesivity; no roots, few small pores; slight Bwt throughout unit with moderate small subangular blocky structure; basal contact 
buried, unit is sharp subvertical fault contact to east (downslope). [Pleistocene Older Coarse Mudflow / Colluvial Deposit].

401a

403a

Unit 400  – Silty loam with gravel; brown (7.5YR 5/4) with reddish yellow (7.5YR 6/6) mottling; up to 30% small to medium pebbles, 
subrounded, moderately weathered, Bandelier Tuff, rare in siltier portions of unit, common in lenses of coarser material defined by 
clear basal stone lines, continuously clay coated, some discontinuously coated with Mn-oxide; sand 10%, subangular; silt 30%; clay 
20%; dry, hard to very hard, cohesive, stiff, slightly plastic; common roots, coated with clay, few small to medium pores; small to 
medium strong prismatic structure, Bts; unit generally fines upward with discrete lenses of alluvial gravels interspersed in silt clay 
matrix, with increasing pedogenic clay toward the upper contact; basal contact is clear, wavy. Subunits 401a, 402a, 403a are thin 
alternating packages of silty sand and sandy gravel. [Holocene to Late Pleistocene Alluvium/Colluvium].

Unit 510  – Sandy silt with fine gravel; light brown (7.5YR 6/3) with reddish yellow (7.5YR 6/6) staining; up to 50% small to medium 
pebbles, with rare larger pebbles, subrounded, tabular, Bandelier Tuff (likely Qbt3t), slightly to moderately weathered, discontinuously 
clay coated; sand 20 to 30%, coarse, subangular, slight clay bridging across grains; rest silt with trace clay; dry, hard to very hard, 
slightly cohesive, non-plastic; few larger roots (to 5mm), common rootlets and root filaments, few small pores; medium moderately 
strong sub-angular blocky structure, Bwtj; basal contact is clear, wavy, defined by stone lines and more developed Bt below (in Unit 
400). [Holocene to Late Pleistocene Colluvium/Alluvium].

510

Unit 300 – Silt with fine gravel; brown (7.5YR 5/3) to pale brown (10YR 6/3); large cobbles to 10%, tabular, slope imbricated, some in 
discontinuous stone lines, all Bandelier Tuff (Qbt3t); small to large pebbles 20 to 30%, subangular to subrounded, moderately weath-
ered, moderately to well sorted; sand 20 to 30%, coarse, subangular; silt to 40%; rest clay; dry, slightly hard to moderately hard, slightly 
cohesive, non-plastic; few roots, mostly burnt, form in mats along subvertical fractures, few medium pores; weak Bwt, single-grained to 
weak small subangular blocky structure, some discontinuous laminar Bt layers, local; unit fines upward from large coarse stony region, 
approx. 30 to 50 cm thick, to matrix supported silt with fewer, smaller clasts; unit likely contains multiple pulses of deposition separated 
by discontinuous stone lines; basal contact sharp, wavy. Subunits 301, 302, and 300b represent laterally discontinuous sand and gravel 
mixtures derived primarily from colluvial and minor alluvial processes. [Late Pleistocene Colluvium].
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E X P L A N AT I O N

Unit 600  – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to brown (7.5YR 5/2); clasts are pebbles-sized, up to 30%, sub-round-
ed to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; non-plastic, 
low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil horizons, the upper 
surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower horizon is more 
porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction of weathered 
Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium/Alluvium].

600

Unit 450 – Clay loam with fine gravel; reddish brown (5YR 5/4) to brown (7.5YR 5/4); small to large pebbles 20%, subangular, 
moderately weathered, poorly sorted, Bandelier Tuff (Qbt3t); sand 20%, subangular, quartz; silt 20%; clay 40%; slightly moist, 
cohesive, stiff, slightly plastic (with wetting); few roots to 2 cm, few smaller roots and rootlets, common root filaments, common small 
pores, subvertical (slope perpendicular) desiccation cracks; prominent pedogenic clay development, small, moderate to strong 
prismatic structure, Bt; basal contact is wavy, clear, defined by abrupt drop in clay content in unit below. [Pleistocene Colluvium 
with Prominent Argillic Soil].

450

Unit 200 – Silty clay with gravel and cobbles; reddish brown (5YR 4/3 to 4/4) matrix with pale brown (10YR 6/3) to light grayish blue 
(10B 7/1) clasts; small to medium cobbles approximately 20%, moderately to completely weathered, tabular, slope imbricated, like 
Bandelier Tuff (subunit unclear); small to medium gravel to 10%, moderately to completely weathered, moderate sorting; slightly 
moist, stiff, slightly plastic, cohesive; few small roots, common root filaments between peds, very few small pores; unit highly desic-
cated, strong small subangular blocky to small prismatic (locally in beds) structure associated with a Btss, clasts are continuously 
coated with clay up to 2mm thick; basal contact is wavy, abrupt, defined by basal 2 cm thick laminar Bt. [Pleistocene Coarse
Colluvium with Prominent Argillic Soil].    

200

Unit 101b  – Clayey silt with gravel; light brown (7.5YR 6/3); medium cobbles 5%, subrounded to subangular, continuous clay coats; 
small to medium pebbles 30%, subrounded, moderately to highly weathered, poorly sorted, composed of Bandelier Tuff (Qbt3t); 
trace sand; silt 50%; rest clay; dry, hard, nonplastic, slightly cohesive; consistent Bwt developed through the unit associated with 
small, weak subangular blocky structure, some sparse Mn-oxide staining throughout, Mn oxide blebs/nodules rare, Mn and Fe oxide 
also discontinuously coats clasts; many sm. pores, few large roots generally encountered along fractures and suspected fault traces; 
basal contact is buried, unit in fault contact to east, sharp, planar. [Pleistocene Fine-Grained Colluvium].

Unit 102 – Silty sand to silt loam; reddish brown (5YR 4/4) to brown (5YR 4/4); small cobbles 10%, small to large pebbles 20%, 
subangular to subrounded, moderately to highly weathered, poorly sorted, Bandelier Tuff (Qbt3t); sand 10%; silt 30%; clay 50%; dry, 
cohesive, stiff, plastic (with wetting); few roots, common small pores, prominent subvertical (slope perpendicular) desiccation cracks; 
prominent pedogenic clay development, medium strong prismatic structure, Btss; basal contact is wavy, clear, defined by abrupt drop 
in clay content in unit below. [Pleistocene Colluvium with Prominent Argillic Soil].

102

Unit 100a – Coarse gravel and cobbles with a silty clay matrix; reddish brown (5YR 4/4) to brown (7.5YR 5/4); medium to large 
cobbles 20%, small cobbles 20%, large to medium pebbles 10%, subangular, tabular, moderately sorted, randomly oriented with no 
clear imbrication, Bandelier Tuff (Qbt3t), continuous silt coating, discontinuous clay coating, some Fe and Mn oxidation; sand 10%; 
silt 30 to 40%; trace clay; clasts tightly bound in heavily indurated silt matrix, dry, hard to very hard, friable, nonplastic, low to no 
cohesivity; no roots, few small pores; slight Bwt throughout unit with moderate small subangular blocky structure; basal contact 
buried, unit is sharp subvertical fault contact to east (downslope). [Pleistocene Older Coarse Mudflow / Colluvial Deposit].

401a

403a

Unit 400  – Silty loam with gravel; brown (7.5YR 5/4) with reddish yellow (7.5YR 6/6) mottling; up to 30% small to medium pebbles, 
subrounded, moderately weathered, Bandelier Tuff, rare in siltier portions of unit, common in lenses of coarser material defined by 
clear basal stone lines, continuously clay coated, some discontinuously coated with Mn-oxide; sand 10%, subangular; silt 30%; clay 
20%; dry, hard to very hard, cohesive, stiff, slightly plastic; common roots, coated with clay, few small to medium pores; small to 
medium strong prismatic structure, Bts; unit generally fines upward with discrete lenses of alluvial gravels interspersed in silt clay 
matrix, with increasing pedogenic clay toward the upper contact; basal contact is clear, wavy. Subunits 401a, 402a, 403a are thin 
alternating packages of silty sand and sandy gravel. [Holocene to Late Pleistocene Alluvium/Colluvium].

Unit 510  – Sandy silt with fine gravel; light brown (7.5YR 6/3) with reddish yellow (7.5YR 6/6) staining; up to 50% small to medium 
pebbles, with rare larger pebbles, subrounded, tabular, Bandelier Tuff (likely Qbt3t), slightly to moderately weathered, discontinuously 
clay coated; sand 20 to 30%, coarse, subangular, slight clay bridging across grains; rest silt with trace clay; dry, hard to very hard, 
slightly cohesive, non-plastic; few larger roots (to 5mm), common rootlets and root filaments, few small pores; medium moderately 
strong sub-angular blocky structure, Bwtj; basal contact is clear, wavy, defined by stone lines and more developed Bt below (in Unit 
400). [Holocene to Late Pleistocene Colluvium/Alluvium].

510

Unit 300 – Silt with fine gravel; brown (7.5YR 5/3) to pale brown (10YR 6/3); large cobbles to 10%, tabular, slope imbricated, some in 
discontinuous stone lines, all Bandelier Tuff (Qbt3t); small to large pebbles 20 to 30%, subangular to subrounded, moderately weath-
ered, moderately to well sorted; sand 20 to 30%, coarse, subangular; silt to 40%; rest clay; dry, slightly hard to moderately hard, 
slightly cohesive, non-plastic; few roots, mostly burnt, form in mats along subvertical fractures, few medium pores; weak Bwt, 
single-grained to weak small subangular blocky structure, some discontinuous laminar Bt layers, local; unit fines upward from large 
coarse stony region, approx. 30 to 50 cm thick, to matrix supported silt with fewer, smaller clasts; unit likely contains multiple pulses of 
deposition separated by discontinuous stone lines; basal contact sharp, wavy. Subunits 301, 302, and 300b represent laterally 
discontinuous sand and gravel mixtures derived primarily from colluvial and minor alluvial processes. [Late Pleistocene Colluvium].
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PLATE 9
Photomosaic and Log of Site C

Trench CT-1 North Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

Unit 650 – Alternating fining upward sequences of coarse cobbles to coarse sand with silt; light brownish gray (10YR 6/2); large 
boulders to medium to large cobbles 30 to 60%, grade to small cobbles and large pebbles 20%, in a matrix of sand 30%, and silt 
20%; clasts are slightly to moderately weathered, angular to subrounded, tabular (generally) to blocky (locally), tuffaceous (Qbt3t), 
imbricated and stacked in diffuse beds; sand and granules occur in small to large pockets between larger boulders, and in continu-
ous 10 to 20 cm thick beds, sand and silt matrix more prevalent in upper units, dry to slightly moist, loose, friable matrix; weak to 
moderate small to medium granular soil texture, clasts discontinuously coated with clay and silt; unit has few small roots, many 
rootlets and root filaments, abundant large pores and voids; unit also has abundant charcoal scattered throughout, large, fresh, 
angular; basal contact channelized, clear, planar to wavy, and stepped / benched to west (upslope). [Late Pleistocene to Holocene 
Fluvial Channel Deposit] .

650

Unit 400  – Coarse gravel with silty clay matrix; pinkish gray (7.5YR 7/2) to pink (7.5YR 7/3) with laminations of brown (7.5YR 4/4) 
clay; rare small boulders, medium to large cobbles 10 to 20%, subrounded to angular, tuffaceous (Qbt3t), clay coatings discontinuous, 
some common discontinuous Fe- and Mn-oxide staining, weathering rinds common but variable on clasts, fresh to heavily weath-
ered; sand to 10%, silt 40 to 50%, rest clay; slightly moist, hard, stiff, slightly cohesive, non-plastic; few small roots, occasional 
rootlets, common small to medium pores; unit variable in clast concentrations with pockets of fines and large pockets of heavily 
fractured rock that may be derived from single clasts, unit general fines upslope; weak small subangular blocky to prismatic soil 
structure associated with Bt soil development; basal contact is based on color change with Unit 280, and increased induration in Unit 
280, wavy, clear. [Late Pleistocene Coarse Colluvium] .

400

Unit 280 – Boulders, cobbles, and pebbles with clayey silt matrix; pinkish gray (7.5YR 7/2) with yellowish brown (7.5YR 5/6) mottles); 
clasts 40 to 50%: small boulders to small cobbles 10 to 20%, small pebbles 20 to 30%, angular to subangular, slightly weathered, 
tabular to blocky (loosely spherical), tuffaceous (Qbt3t); trace sand, silt 30%, clay 30%; dry, stiff, hard, slightly cohesive, slightly 
plastic; few small roots, common rootlets and root filaments, few small pores, openings along ped fractures; soil development moder-
ate, weak to moderate small subangular blocky to prismatic soil structure; subunit 290 may represent a colluvial wedge form, but 
generally has a similar description as Unit 280; basal contact wavy, clear. [Pleistocene Older Coarse Colluvium] .

280

Unit 300 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3) with yellow (10YR 7/8 to 8/8) zones of more ; small pebble 
to granules from 30 to 80%, subangular to subrounded, moderately to completely weathered, weak, friable, porous, well sorted, fills 
low irregularities in basal contact and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is 
variable in composition due to weathering a decomposition of pumice combined with integration of pedogenic clay; slightly to moder-
ately moist, moderately weak to moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root 
filaments, many small pores and open interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar 
Bt layers up to 1 cm, weak granular to sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt 
absence of pumice in unit below. [Late Pleistocene (~74 ka) Primary and Reworked El Cajete Deposit] .

300

Unit 500 – Silt loam with interbeds of fine gravel and granules; brown (10YR 5/4 to 7.5YR 5/4) with light gray (10YR 7/2) to very pale 
brown (10YR 7/3) concentrations of clasts; rare small cobbles (<5%), subangular to subrounded, moderately weathered with complete 
clay coats, more pronounced sesquioxide staining than Unit 600 above, tuffaceous (Qbt3t), concentrated at base of unit, small 
pebbles to granules 30%, in diffuse beds, laterally continuous thin interbeds, and more concentrated with less interstitial material in 
small buried channels (?), highly weathered, rounded to subrounded, clean (i.e. little clay adhered to surface), tuffaceous (Qbt3t); 
sand 20%, concentrations associated with pebbly areas, quartz, subrounded; silt 40%, clay 10 to 20%; dry to slightly moist, moderately 
dense, moderately stiff, slightly plastic, slightly cohesive; rare roots, few small pores, small desiccation partings appear to be associated 
with beds of sand, prominent below; moderate to strong small to medium subangular blocky soil; interbeds are diffuse and show 
evidence for soft sediment alteration with loading of above sublayer; basal contact is gradational, defined by increase in small 
pebbles below and decrease in silt, wavy. [Late Pleistocene Colluvial/Alluvial Deposit] .

500

Unit FF/FZ – Fissure fill/Fault Zone material
FZFZ

E X P L A N AT I O N

Unit 800 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brownish gray (10YR 6/2); clasts are pebbles-sized, up to 30%, 
sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; 
non-plastic, low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil 
horizons, the upper surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower 
horizon is more porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction 
of weathered Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium] .

800

Unit 900 – Sandy silt with gravel, dark grayish brown to light gray (10YR 4/2 to 7/2), 15-30% gravel, massive with no bedding, heavily 
bioturbated, abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal 
pellets and faunal burrows, Moderately well-developed A horizon, lower boundary is clear and smooth. [A Horizon developed in 
Holocene colluvium] .

900

Unit 700  – Fine gravel with sandy silt matrix; pale brown (10YR 6/3); unit is alternatively matrix and clast supported, clasts are small 
to medium pebbles-sized, 40 to 60%, sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand 20%; silt 20 to 30%, trace clay; dry to 
slightly moist, moderately loose, non-plastic, no cohesion; rare roots to 2mm, many small pores, many krotovina filled with finer 
grained sediment and granular soil; weak small granular soil texture, Btj; basal contact is clear, wavy to planar, oriented downslope 
slightly steeper than the ground surface, defined by absence of clay relative to Unit 600 below, lower surface represents a paleosur-
face. [Holocene alluvial (fan?) deposit] .

700

Unit 200 – Boulders entrained in clayey silt matrix; pinkish gray (7.5YR 7/2) with strong brown (7.5YR 5/6); clasts 50 to 60%: 
common small to medium boulders to 20%, large to small pebbles 30 to 40%, angular to subangular, fresh to slightly weathered, 
tabular, tuffaceous (Qbt3t), randomly distributed in unit, no clay coating, clasts broadly downslope imbricated, and ‘bedding’ in unit is 
series of stacked continuous stone lines; sand to 10%, silt 30 to 40%, clay to 10%; unit fines upward from generally clast supported 
to matrix supported at upper contact; dry to slightly moist, loose, with matrix loosely filling in wide spacing between large clasts, 
non-plastic, no cohesivity; few small roots, abundant pore space and interstitial space between clasts; little soil development, with 
weak granular soil texture in places; basal contact buried on south wall, on north wall, clear, wavy. [Pleistocene Coarse Colluvium] .

200

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular
crystals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide 
to very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger 
crystals. [Bandelier Tuff (Tshirege member Qbt3t)] .

100

Unit 250 – Clayey silt and gravel with silty clay interbeds; light yellowish brown (10YR 6/4) with strong brown (7.5YR 4/6) staining and 
upper surface grayish brown (10YR 5/2); medium to small pebbles to 20%, subrounded, heavily weathered, pumice absent, generally 
massive, no sand; silt 50%, clay 30%, clay in upper 40 cm, grades into silt at depth; slightly moist, moderately cohesive; no roots, 
common small pores especially in lower portions of unit; clay accumulation in upper 40 cm of unit, associated with abundant charcoal 
and darker / grayer coloration, clay may be depositional or associated with development of a Beta horizon; basal contact buried, unit 
in fault contact to west (upslope). [Pleistocene Fine-Grained Alluvial Deposit] .

Unit 410  –  Sandy silt with gravel; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), with strong brown (7.5YR 5/8) mottles; very 
small pebbles to granules 30%, subangular to subrounded, slightly to moderately weathered, weathering rinds common, tabular, 
tuffaceous (Qbt3t), partial clay coatings, some discontinuous stone lines in upper section; sand 30%, fine to coarse, subangular; silt 
40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, massive; few rootlets, few small 
pores; strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and
discontinuous sesquioxide clast coatings, strong buried argillic Bt-horizons separated by stone lines in upper section; basal contact 
based on darker color and coarser texture in Unit 410; above Unit 200/280 is gradational to clear, above Unit 300 basal contact is 
clear and planar. [Late Pleistocene Coarse Colluvium] .

410

Unit 600  – Sandy silt with pedogenic clay and fine gravel; brown (10YR 5/4 to 7.5YR 5/4); clasts are small to medium pebbles-sized, 
30 to 40%, sub-rounded to sub-angular, moderately weathered with complete clay coats, some very sparse sesquioxide staining, 
Bandelier tuff (Qbt3t), rare cobbles are slope imbricated; sand 20%; silt 30%, clay 10 to 20%; dry to slightly moist, moderately dense, 
moderately soft, slightly plastic, moderately cohesive; rare roots, few small pores; moderate small to medium subangular blocky soil, 
associated with notable Bt; basal contact is gradational, defined by increase in small pebble and granule content, wavy. Subunit 
600b includes reddish brown colluvium inset into Units 300 and 410. [Late Pleistocene Colluvium/alluvium] . 
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Unit 650 – Alternating fining upward sequences of coarse cobbles to coarse sand with silt; light brownish gray (10YR 6/2); large 
boulders to medium to large cobbles 30 to 60%, grade to small cobbles and large pebbles 20%, in a matrix of sand 30%, and silt 
20%; clasts are slightly to moderately weathered, angular to subrounded, tabular (generally) to blocky (locally), tuffaceous (Qbt3t), 
imbricated and stacked in diffuse beds; sand and granules occur in small to large pockets between larger boulders, and in continu-
ous 10 to 20 cm thick beds, sand and silt matrix more prevalent in upper units, dry to slightly moist, loose, friable matrix; weak to 
moderate small to medium granular soil texture, clasts discontinuously coated with clay and silt; unit has few small roots, many 
rootlets and root filaments, abundant large pores and voids; unit also has abundant charcoal scattered throughout, large, fresh, 
angular; basal contact channelized, clear, planar to wavy, and stepped / benched to west (upslope). [Late Pleistocene to Holocene 
Fluvial Channel Deposit] .

650

Unit 400  – Coarse gravel with silty clay matrix; pinkish gray (7.5YR 7/2) to pink (7.5YR 7/3) with laminations of brown (7.5YR 4/4) 
clay; rare small boulders, medium to large cobbles 10 to 20%, subrounded to angular, tuffaceous (Qbt3t), clay coatings discontinuous, 
some common discontinuous Fe- and Mn-oxide staining, weathering rinds common but variable on clasts, fresh to heavily weath-
ered; sand to 10%, silt 40 to 50%, rest clay; slightly moist, hard, stiff, slightly cohesive, non-plastic; few small roots, occasional 
rootlets, common small to medium pores; unit variable in clast concentrations with pockets of fines and large pockets of heavily 
fractured rock that may be derived from single clasts, unit general fines upslope; weak small subangular blocky to prismatic soil 
structure associated with Bt soil development; basal contact is based on color change with Unit 280, and increased induration in Unit 
280, wavy, clear. [Late Pleistocene Coarse Colluvium] .

400

Unit 280 – Boulders, cobbles, and pebbles with clayey silt matrix; pinkish gray (7.5YR 7/2) with yellowish brown (7.5YR 5/6) mottles); 
clasts 40 to 50%: small boulders to small cobbles 10 to 20%, small pebbles 20 to 30%, angular to subangular, slightly weathered, 
tabular to blocky (loosely spherical), tuffaceous (Qbt3t); trace sand, silt 30%, clay 30%; dry, stiff, hard, slightly cohesive, slightly 
plastic; few small roots, common rootlets and root filaments, few small pores, openings along ped fractures; soil development moder-
ate, weak to moderate small subangular blocky to prismatic soil structure; subunit 290 may represent a colluvial wedge form, but 
generally has a similar description as Unit 280; basal contact wavy, clear. [Pleistocene Older Coarse Colluvium] .

280

Unit 300 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3) with yellow (10YR 7/8 to 8/8) zones of more ; small pebble 
to granules from 30 to 80%, subangular to subrounded, moderately to completely weathered, weak, friable, porous, well sorted, fills 
low irregularities in basal contact and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is 
variable in composition due to weathering a decomposition of pumice combined with integration of pedogenic clay; slightly to moder-
ately moist, moderately weak to moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root 
filaments, many small pores and open interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar 
Bt layers up to 1 cm, weak granular to sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt 
absence of pumice in unit below. [Late Pleistocene (~74 ka) Primary and Reworked El Cajete Deposit] .

300

Unit 500 – Silt loam with interbeds of fine gravel and granules; brown (10YR 5/4 to 7.5YR 5/4) with light gray (10YR 7/2) to very pale 
brown (10YR 7/3) concentrations of clasts; rare small cobbles (<5%), subangular to subrounded, moderately weathered with complete 
clay coats, more pronounced sesquioxide staining than Unit 600 above, tuffaceous (Qbt3t), concentrated at base of unit, small 
pebbles to granules 30%, in diffuse beds, laterally continuous thin interbeds, and more concentrated with less interstitial material in 
small buried channels (?), highly weathered, rounded to subrounded, clean (i.e. little clay adhered to surface), tuffaceous (Qbt3t); 
sand 20%, concentrations associated with pebbly areas, quartz, subrounded; silt 40%, clay 10 to 20%; dry to slightly moist, moderately 
dense, moderately stiff, slightly plastic, slightly cohesive; rare roots, few small pores, small desiccation partings appear to be associated 
with beds of sand, prominent below; moderate to strong small to medium subangular blocky soil; interbeds are diffuse and show 
evidence for soft sediment alteration with loading of above sublayer; basal contact is gradational, defined by increase in small 
pebbles below and decrease in silt, wavy. [Late Pleistocene Colluvial/Alluvial Deposit] .

500

Unit FF/FZ – Fissure fill/Fault Zone material
FZFZ

E X P L A N AT I O N

Unit 800 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brownish gray (10YR 6/2); clasts are pebbles-sized, up to 30%, 
sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; 
non-plastic, low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil 
horizons, the upper surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower 
horizon is more porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction 
of weathered Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium] .

800

Unit 900 – Sandy silt with gravel, dark grayish brown to light gray (10YR 4/2 to 7/2), 15-30% gravel, massive with no bedding, heavily 
bioturbated, abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal 
pellets and faunal burrows, Moderately well-developed A horizon, lower boundary is clear and smooth. [A Horizon developed in 
Holocene colluvium] .

900

Unit 700  – Fine gravel with sandy silt matrix; pale brown (10YR 6/3); unit is alternatively matrix and clast supported, clasts are small 
to medium pebbles-sized, 40 to 60%, sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand 20%; silt 20 to 30%, trace clay; dry to 
slightly moist, moderately loose, non-plastic, no cohesion; rare roots to 2mm, many small pores, many krotovina filled with finer 
grained sediment and granular soil; weak small granular soil texture, Btj; basal contact is clear, wavy to planar, oriented downslope 
slightly steeper than the ground surface, defined by absence of clay relative to Unit 600 below, lower surface represents a paleosur-
face. [Holocene alluvial (fan?) deposit] .

700

Unit 200 – Boulders entrained in clayey silt matrix; pinkish gray (7.5YR 7/2) with strong brown (7.5YR 5/6); clasts 50 to 60%: 
common small to medium boulders to 20%, large to small pebbles 30 to 40%, angular to subangular, fresh to slightly weathered, 
tabular, tuffaceous (Qbt3t), randomly distributed in unit, no clay coating, clasts broadly downslope imbricated, and ‘bedding’ in unit is 
series of stacked continuous stone lines; sand to 10%, silt 30 to 40%, clay to 10%; unit fines upward from generally clast supported 
to matrix supported at upper contact; dry to slightly moist, loose, with matrix loosely filling in wide spacing between large clasts, 
non-plastic, no cohesivity; few small roots, abundant pore space and interstitial space between clasts; little soil development, with 
weak granular soil texture in places; basal contact buried on south wall, on north wall, clear, wavy. [Pleistocene Coarse Colluvium] .

200

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular
crystals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide 
to very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger 
crystals. [Bandelier Tuff (Tshirege member Qbt3t)] .

100

Unit 250 – Clayey silt and gravel with silty clay interbeds; light yellowish brown (10YR 6/4) with strong brown (7.5YR 4/6) staining and 
upper surface grayish brown (10YR 5/2); medium to small pebbles to 20%, subrounded, heavily weathered, pumice absent, generally 
massive, no sand; silt 50%, clay 30%, clay in upper 40 cm, grades into silt at depth; slightly moist, moderately cohesive; no roots, 
common small pores especially in lower portions of unit; clay accumulation in upper 40 cm of unit, associated with abundant charcoal 
and darker / grayer coloration, clay may be depositional or associated with development of a Beta horizon; basal contact buried, unit 
in fault contact to west (upslope). [Pleistocene Fine-Grained Alluvial Deposit] .

Unit 600  – Sandy silt with pedogenic clay and fine gravel; brown (10YR 5/4 to 7.5YR 5/4); clasts are small to medium pebbles-sized, 
30 to 40%, sub-rounded to sub-angular, moderately weathered with complete clay coats, some very sparse sesquioxide staining, 
Bandelier tuff (Qbt3t), rare cobbles are slope imbricated; sand 20%; silt 30%, clay 10 to 20%; dry to slightly moist, moderately dense, 
moderately soft, slightly plastic, moderately cohesive; rare roots, few small pores; moderate small to medium subangular blocky soil, 
associated with notable Bt; basal contact is gradational, defined by increase in small pebble and granule content, wavy. Subunit 
600b includes reddish brown colluvium inset into Units 300 and 410. [Late Pleistocene Colluvium/alluvium] . 

600/
600b

Unit 410  –  Sandy silt with gravel; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), with strong brown (7.5YR 5/8) mottles; very 
small pebbles to granules 30%, subangular to subrounded, slightly to moderately weathered, weathering rinds common, tabular, 
tuffaceous (Qbt3t), partial clay coatings, some discontinuous stone lines in upper section; sand 30%, fine to coarse, subangular; silt 
40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, massive; few rootlets, few small 
pores; strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and
discontinuous sesquioxide clast coatings, strong buried argillic Bt-horizons separated by stone lines in upper section; basal contact 
based on darker color and coarser texture in Unit 410; above Unit 200/280 is gradational to clear, above Unit 300 basal contact is 
clear and planar. [Late Pleistocene Coarse Colluvium] .

410

Boundary

Soil Boundary

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain

? ?

Fault
Dashed where approximate;
Queried where uncertain

Radiocarbon ages are 
cal yrs BP (95% confidence)

OSL Sample 
  Location and age (± one sigma)

AA
ABAB
Bw2Bw2

Bw1Bw1

Bw3Bw3

Bw4Bw4

Soil Profile (SP)Soil Profile (SP)°

Samples:

Post - El Cajete pumice
datum (<74 Ka)

Structural Data:

S1 Strike and Dip Measurement

See Plate13 for detail
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PLATE 10
Photomosaic and Log of Site C 

Trench CT-1 South Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.
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See Plate13 for detail

S1

S2

S3

S4

S3: 178°/80°-90°S3: 178°/80°-90°

S4: 202°/80°-90°S4: 202°/80°-90°

S1: 355°/65°S1: 355°/65°

S2: 025°/47°-58°S2: 025°/47°-58°

Structural Data:

A1A1

A2A2

BABA

Bw1Bw1

Bw2Bw2

Bt1b1Bt1b1

CT2P4CT2P4 Unit 300 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3) with yellow (10YR 7/8 to 8/8) zones of more ; small pebble 
to granules from 30 to 80%, subangular to subrounded, moderately to completely weathered, weak, friable, porous, well sorted, fills 
low irregularities in basal contact and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is 
variable in composition due to weathering a decomposition of pumice combined with integration of pedogenic clay; slightly to
moderately moist, moderately weak to moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root 
filaments, many small pores and open interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar 
Bt layers up to 1 cm, weak granular to sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt 
absence of pumice in unit below. [Late Pleistocene (~74 ka) Primary and Reworked El Cajete Deposit] .

300

Unit 500 – Silt loam with interbeds of fine gravel and granules; brown (10YR 5/4 to 7.5YR 5/4) with light gray (10YR 7/2) to very pale 
brown (10YR 7/3) concentrations of clasts; rare small cobbles (<5%), subangular to subrounded, moderately weathered with complete 
clay coats, more pronounced sesquioxide staining than Unit 600 above, tuffaceous (Qbt3t), concentrated at base of unit, small 
pebbles to granules 30%, in diffuse beds, laterally continuous thin interbeds, and more concentrated with less interstitial material in 
small buried channels (?), highly weathered, rounded to subrounded, clean (i.e. little clay adhered to surface), tuffaceous (Qbt3t); 
sand 20%, concentrations associated with pebbly areas, quartz, subrounded; silt 40%, clay 10 to 20%; dry to slightly moist, moderately 
dense, moderately stiff, slightly plastic, slightly cohesive; rare roots, few small pores, small desiccation partings appear to be associated 
with beds of sand, prominent below; moderate to strong small to medium subangular blocky soil; interbeds are diffuse and show 
evidence for soft sediment alteration with loading of above sublayer; basal contact is gradational, defined by increase in small 
pebbles below and decrease in silt, wavy. [Late Pleistocene Colluvial/Alluvial Deposit] .

500

Unit 415  – Sandy silt with cobbles and pebbles; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), very small pebbles to granules 
30%, subangular to subrounded,  slightly to moderately weathered, weathering rinds common, tabular, tuffaceous (Qbt3t), partial clay 
coatings, some discontinuous stone lines in the upper section; more massive in lower section; sand 30%, fine to coarse, subangular; 
silt 40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, few rootlets, few small pores; 
strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and discontinuous 
sesquioxide clast coatings; stone lines in upper section separate different buried argillic Bt-horizons;  basal contact based on finer 
text in unit 415; basal contact is clear and undualatory. [Late Pleistocene Fine-grained Colluvium] .

415

E X P L A N AT I O N

Unit 600  – Sandy silt with pedogenic clay and fine gravel; brown (10YR 5/4 to 7.5YR 5/4); clasts are small to medium pebbles-sized, 
30 to 40%, sub-rounded to sub-angular, moderately weathered with complete clay coats, some very sparse sesquioxide staining, 
Bandelier tuff (Qbt3t), rare cobbles are slope imbricated; sand 20%; silt 30%, clay 10 to 20%; dry to slightly moist, moderately dense, 
moderately soft, slightly plastic, moderately cohesive; rare roots, few small pores; moderate small to medium subangular blocky soil, 
associated with notable Bt; basal contact is gradational, defined by increase in small pebble and granule content, wavy. Subunit 
600b includes reddish brown colluvium inset into Units 300 and 410. [Late Pleistocene Colluvium/alluvium] . 

600

Unit 800 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brownish gray (10YR 6/2); clasts are pebbles-sized, up to 30%, 
sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; 
non-plastic, low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil 
horizons, the upper surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower 
horizon is more porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction 
of weathered Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium] .

800

Unit 900 – Sandy silt with gravel, dark grayish brown to light gray (10YR 4/2 to 7/2), 15-30% gravel, massive with no bedding, heavily 
bioturbated, abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal 
pellets and faunal burrows, Moderately well-developed A horizon, lower boundary is clear and smooth. [A Horizon developed in 
Holocene colluvium] .

900

Unit 410  –  Sandy silt with gravel; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), with strong brown (7.5YR 5/8) mottles; very 
small pebbles to granules 30%, subangular to subrounded, slightly to moderately weathered, weathering rinds common, tabular, 
tuffaceous (Qbt3t), partial clay coatings, some discontinuous stone lines in upper section; sand 30%, fine to coarse, subangular; silt 
40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, massive; few rootlets, few small 
pores; strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and
discontinuous sesquioxide clast coatings, strong buried argillic Bt-horizons separated by stone lines in upper section; basal contact 
based on darker color and coarser texture in Unit 410; above Unit 200/280 is gradational to clear, above Unit 300 basal contact is 
clear and planar. [Late Pleistocene Coarse Colluvium] .

410

Unit 200 – Boulders entrained in clayey silt matrix; pinkish gray (7.5YR 7/2) with strong brown (7.5YR 5/6); clasts 50 to 60%: 
common small to medium boulders to 20%, large to small pebbles 30 to 40%, angular to subangular, fresh to slightly weathered, 
tabular, tuffaceous (Qbt3t), randomly distributed in unit, no clay coating, clasts broadly downslope imbricated, and ‘bedding’ in unit is 
series of stacked continuous stone lines; sand to 10%, silt 30 to 40%, clay to 10%; unit fines upward from generally clast supported 
to matrix supported at upper contact; dry to slightly moist, loose, with matrix loosely filling in wide spacing between large clasts, 
non-plastic, no cohesivity; few small roots, abundant pore space and interstitial space between clasts; little soil development, with 
weak granular soil texture in places, broadly single grained soil; basal contact buried on south wall, on north wall, clear, wavy. 
[Pleistocene Coarse Colluvial] .

200

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular
crystals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide 
to very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger 
crystals. [Bandelier Tuff (Tshirege member Qbt3t)] .

100

Unit 250 – Clayey silt and gravel with silty clay interbeds; light yellowish brown (10YR 6/4) with strong brown (7.5YR 4/6) staining and 
upper surface grayish brown (10YR 5/2); medium to small pebbles to 20%, subrounded, heavily weathered, pumice absent, generally 
massive, no sand; silt 50%, clay 30%, clay in upper 40 cm, grades into silt at depth; slightly moist, moderately cohesive; no roots, 
common small pores especially in lower portions of unit; clay accumulation in upper 40 cm of unit, associated with abundant charcoal 
and darker / grayer coloration, clay may be depositional or associated with development of a Beta horizon; basal contact buried, unit 
in fault contact to west (upslope). [Pleistocene Fine-Grained Alluvial Deposit] .

Boundary

Soil Boundary

Fracture

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain

? ?
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Dashed where approximate;
Queried where uncertain
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Soil Profile (SP)Soil Profile (SP)°
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PLATE 11
Photomosaic and Log of Site C

Trench CT-2 North Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.
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PLATE 12
Photomosaic and Log of Site C

Trench CT-2 South Wall

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

Unit 810  – Sandy silt with medium to fine gravel; light brownish gray (10YR 6/2) to pale brown (10YR 6/3); small to medium pebbles 
to 30%, rare small to medium cobbles (<5%), tabular to spherical, subangular, fresh to slightly weathered, sand 30%, silt 4o to 50%, 
no clay; dry, loose, non-plastic, no cohesivity, massive; weak to moderate small granular soil structure, peds are generally small 
pebble to granule in size giving unit appearance of being clast supported; many small roots, few large roots, abundant rootlets and 
root filaments, many small pores and interstitial space in unit; basal contact is clear to locally diffuse, wavy. [Holocene fine-grained 
colluvium (colluvial wedge?)] .

810

Unit 300 – Gravelly silt; pinkish gray (7.5YR 7/2) to light brown (7.5YR 6/3) with yellow (10YR 7/8 to 8/8) zones of more ; small pebble 
to granules from 30 to 80%, subangular to subrounded, moderately to completely weathered, weak, friable, porous, well sorted, fills 
low irregularities in basal contact and grades to silt from decomposed rock at upper contact; silt is 20 to 50%; rest is clay; unit is 
variable in composition due to weathering a decomposition of pumice combined with integration of pedogenic clay; slightly to moder-
ately moist, moderately weak to moderately stiff, slightly plastic, slightly cohesive, loose where granular; few small roots, root 
filaments, many small pores and open interstitial space; some minor pedogenic clay is introduced in upper 10 to 20 cm, with laminar 
Bt layers up to 1 cm, weak granular to sub angular blocky structure; basal contact is sharp, wavy to irregular, defined by abrupt 
absence of pumice in unit below. [Late Pleistocene (~74 ka) Primary and Reworked El Cajete Deposit] .

300

Unit 500 – Silt loam with interbeds of fine gravel and granules; brown (10YR 5/4 to 7.5YR 5/4) with light gray (10YR 7/2) to very pale 
brown (10YR 7/3) concentrations of clasts; rare small cobbles (<5%), subangular to subrounded, moderately weathered with complete 
clay coats, more pronounced sesquioxide staining than Unit 600 above, tuffaceous (Qbt3t), concentrated at base of unit, small 
pebbles to granules 30%, in diffuse beds, laterally continuous thin interbeds, and more concentrated with less interstitial material in 
small buried channels (?), highly weathered, rounded to subrounded, clean (i.e. little clay adhered to surface), tuffaceous (Qbt3t); 
sand 20%, concentrations associated with pebbly areas, quartz, subrounded; silt 40%, clay 10 to 20%; dry to slightly moist, moderately 
dense, moderately stiff, slightly plastic, slightly cohesive; rare roots, few small pores, small desiccation partings appear to be associated 
with beds of sand, prominent below; moderate to strong small to medium subangular blocky soil; interbeds are diffuse and show 
evidence for soft sediment alteration with loading of above sublayer; basal contact is gradational, defined by increase in small 
pebbles below and decrease in silt, wavy. [Late Pleistocene Colluvial/Alluvial Deposit] .

500

Unit 430 – Sandy silt with cobbles and pebbles; light brown (7.5YR 6/4) to reddish yellow (7.5YR 6/8; minor); unit very similar to Unit 
415, with slightly higher clast content, more well defined tabular stonelines, and more saturated colors; small cobbles 10 to 15%, fine 
pebbles and granules 30%, tabular, fresh to slightly weathered clasts with partial silt and clay coats, Qbt3t clasts, clasts imbricated 
parallel to slope, sand 20 to 30%, fine to coarse, subangular, quartz, silt 20 to 30%, minor to trace clay (<5%); weak small angular to 
locally prismatic blocky soil structure, associated with minor Bt, however clay content increase to upper contact of unit and forms a 
distinct unconformity with above sediments; basal contact is defined by a continuous, prominent stone line, clear, wavy. [Late 
Pleistocene Coarse Colluvium] .

430

Unit 415  – Sandy silt with cobbles and pebbles; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), very small pebbles to granules 
30%, subangular to subrounded,  slightly to moderately weathered, weathering rinds common, tabular, tuffaceous (Qbt3t), partial clay 
coatings, some discontinuous stone lines in the upper section; more massive in lower section; sand 30%, fine to coarse, subangular; 
silt 40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, few rootlets, few small pores; 
strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and discontinuous 
sesquioxide clast coatings; stone lines in upper section separate different buried argillic Bt-horizons;  basal contact based on finer 
text in unit 415; basal contact is clear and undualatory. [Late Pleistocene Fine-grained Colluvium] .

415

Unit FF/FZ – Fissure fill/Fault Zone material
FZFZ

E X P L A N AT I O N

Unit 600  – Sandy silt with pedogenic clay and fine gravel; brown (10YR 5/4 to 7.5YR 5/4); clasts are small to medium pebbles-sized, 
30 to 40%, sub-rounded to sub-angular, moderately weathered with complete clay coats, some very sparse sesquioxide staining, 
Bandelier tuff (Qbt3t), rare cobbles are slope imbricated; sand 20%; silt 30%, clay 10 to 20%; dry to slightly moist, moderately dense, 
moderately soft, slightly plastic, moderately cohesive; rare roots, few small pores; moderate small to medium subangular blocky soil, 
associated with notable Bt; basal contact is gradational, defined by increase in small pebble and granule content, wavy. Subunit 
600b includes reddish brown colluvium inset into Units 300 and 410. [Late Pleistocene Colluvium/alluvium] . 

600

Unit 800 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brownish gray (10YR 6/2); clasts are pebbles-sized, up to 30%, 
sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; 
non-plastic, low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil 
horizons, the upper surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower 
horizon is more porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction 
of weathered Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium] .

800

Unit 900 – Sandy silt with gravel, dark grayish brown to light gray (10YR 4/2 to 7/2), 15-30% gravel, massive with no bedding, heavily 
bioturbated, abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal 
pellets and faunal burrows, Moderately well-developed A horizon, lower boundary is clear and smooth. [A Horizon developed in 
Holocene colluvium] .

900

Unit 700  – Fine gravel with sandy silt matrix; pale brown (10YR 6/3); unit is alternatively matrix and clast supported, clasts are small 
to medium pebbles-sized, 40 to 60%, sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand 20%; silt 20 to 30%, trace clay; dry to 
slightly moist, moderately loose, non-plastic, no cohesion; rare roots to 2mm, many small pores, many krotovina filled with finer 
grained sediment and granular soil; weak small granular soil texture, Btj; basal contact is clear, wavy to planar, oriented downslope 
slightly steeper than the ground surface, defined by absence of clay relative to Unit 600 below, lower surface represents a paleosur-
face. [Holocene alluvial (fan?) deposit] .

700

Unit 410  –  Sandy silt with gravel; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), with strong brown (7.5YR 5/8) mottles; very 
small pebbles to granules 30%, subangular to subrounded, slightly to moderately weathered, weathering rinds common, tabular, 
tuffaceous (Qbt3t), partial clay coatings, some discontinuous stone lines in upper section; sand 30%, fine to coarse, subangular; silt 
40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, massive; few rootlets, few small 
pores; strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and
discontinuous sesquioxide clast coatings, strong buried argillic Bt-horizons separated by stone lines in upper section; basal contact 
based on darker color and coarser texture in Unit 410; above Unit 200/280 is gradational to clear, above Unit 300 basal contact is 
clear and planar. [Late Pleistocene Coarse Colluvium] .

410

Unit 200 – Boulders entrained in clayey silt matrix; pinkish gray (7.5YR 7/2) with strong brown (7.5YR 5/6); clasts 50 to 60%: 
common small to medium boulders to 20%, large to small pebbles 30 to 40%, angular to subangular, fresh to slightly weathered, 
tabular, tuffaceous (Qbt3t), randomly distributed in unit, no clay coating, clasts broadly downslope imbricated, and ‘bedding’ in unit is 
series of stacked continuous stone lines; sand to 10%, silt 30 to 40%, clay to 10%; unit fines upward from generally clast supported 
to matrix supported at upper contact; dry to slightly moist, loose, with matrix loosely filling in wide spacing between large clasts, 
non-plastic, no cohesivity; few small roots, abundant pore space and interstitial space between clasts; little soil development, with 
weak granular soil texture in places, broadly single grained soil; basal contact buried on south wall, on north wall, clear, wavy.
[Pleistocene Coarse Colluvial Deposit] .

200

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular crys -
tals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide to 
very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger crys-
tals. [Bandelier Tuff (Tshirege member Qbt3t)] .

100

Unit 250 – Clayey silt and gravel with silty clay interbeds; light yellowish brown (10YR 6/4) with strong brown (7.5YR 4/6) staining and 
upper surface grayish brown (10YR 5/2); medium to small pebbles to 20%, subrounded, heavily weathered, pumice absent, generally 
massive, no sand; silt 50%, clay 30%, clay in upper 40 cm, grades into silt at depth; slightly moist, moderately cohesive; no roots, 
common small pores especially in lower portions of unit; clay accumulation in upper 40 cm of unit, associated with abundant charcoal 
and darker / grayer coloration, clay may be depositional or associated with development of a Beta horizon; basal contact buried, unit 
in fault contact to west (upslope). [Pleistocene Fine-Grained Alluvial Deposit] .

Boundary

Soil Boundary

Fracture

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain

? ?

Fault
Dashed where approximate;
Queried where uncertain

Radiocarbon ages are 
cal yrs BP (95% confidence)

OSL Sample Location and age (± one sigma)

S1 Strike and Dip Measurement
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ABAB
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Bw3Bw3

Bw4Bw4

Soil Profile (SP)Soil Profile (SP)°

Samples:

Post - El Cajete pumice
datum (<74 Ka)



Unit 620 – Pending
620

Unit 810  – Sandy silt with medium to fine gravel; light brownish gray (10YR 6/2) to pale brown (10YR 6/3); small to medium pebbles 
to 30%, rare small to medium cobbles (<5%), tabular to spherical, subangular, fresh to slightly weathered, sand 30%, silt 4o to 50%, 
no clay; dry, loose, non-plastic, no cohesivity, massive; weak to moderate small granular soil structure, peds are generally small 
pebble to granule in size giving unit appearance of being clast supported; many small roots, few large roots, abundant rootlets and 
root filaments, many small pores and interstitial space in unit; basal contact is clear to locally diffuse, wavy [Holocene fine-grained 
colluvium (colluvial wedge?)] .

810

Unit FF/FZ – Fissure fill/Fault Zone material
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PLATE 13
Geologic Log of Site C Trenches CT-2 and CT-1,

South and North Wall Fault Zones

PAJARITO FAULT SYSTEM
PALEOSEISMIC TRENCHING PROJECTLettis Consultants International, Inc.

C T - 1  S o u t h  W a l l

I n t e r p r e t e d

U n i n t e r p r e t e d

C T - 2  S o u t h  W a l l

I n t e r p r e t e d

U n i n t e r p r e t e d

C T - 2  N o r t h  W a l l

I n t e r p r e t e d

U n i n t e r p r e t e d

C T - 1  N o r t h  W a l l

I n t e r p r e t e d

U n i n t e r p r e t e d

Unit 280 – Boulders, cobbles, and pebbles with clayey silt matrix; pinkish gray (7.5YR 7/2) with yellowish brown (7.5YR 5/6) mottles); 
clasts 40 to 50%: small boulders to small cobbles 10 to 20%, small pebbles 20 to 30%, angular to subangular, slightly weathered, 
tabular to blocky (loosely spherical), tuffaceous (Qbt3t); trace sand, silt 30%, clay 30%; dry, stiff, hard, slightly cohesive, slightly 
plastic; few small roots, common rootlets and root filaments, few small pores, openings along ped fractures; soil development
moderate, weak to moderate small subangular blocky to prismatic soil structure; subunit 290 may represent a colluvial wedge form, 
but generally has a similar description as Unit 280; basal contact wavy, clear [Pleistocene Older Coarse Colluvium] .

280

Unit 200 – Boulders entrained in clayey silt matrix; pinkish gray (7.5YR 7/2) with strong brown (7.5YR 5/6); clasts 50 to 60%: 
common small to medium boulders to 20%, large to small pebbles 30 to 40%, angular to subangular, fresh to slightly weathered, 
tabular, tuffaceous (Qbt3t), randomly distributed in unit, no clay coating, clasts broadly downslope imbricated, and ‘bedding’ in unit is 
series of stacked continuous stone lines; sand to 10%, silt 30 to 40%, clay to 10%; unit fines upward from generally clast supported 
to matrix supported at upper contact; dry to slightly moist, loose, with matrix loosely filling in wide spacing between large clasts, 
non-plastic, no cohesivity; few small roots, abundant pore space and interstitial space between clasts; little soil development, with 
weak granular soil texture in places, broadly single grained soil; basal contact buried on south wall, on north wall, clear, wavy; 
[Pleistocene Coarse Colluvial] .

200

Unit 100 – Tuffaceous bedrock; pink (7.5YR 7/3) to pale brown (10YR 6/3); slightly moist, medium to coarse grained, angular crys -
tals, predominantly pumice fragments, with approximately 10% quartz, ~2.5% sanidine; slightly weathered, strong, dense, wide to 
very wide joint spacing, resultant blocks are tabular; locally rock is glassy, and vuggy areas (2 to 5 cm) associated with larger crys-
tals. Early Pleistocene (1.25 Ma) Bandelier Tuff (Tshirege member Qbt3t) .

100

E X P L A N AT I O N

Unit 600  – Sandy silt with pedogenic clay and fine gravel; brown (10YR 5/4 to 7.5YR 5/4); clasts are small to medium pebbles-sized, 
30 to 40%, sub-rounded to sub-angular, moderately weathered with complete clay coats, some very sparse sesquioxide staining, 
Bandelier tuff (Qbt3t), rare cobbles are slope imbricated; sand 20%; silt 30%, clay 10 to 20%; dry to slightly moist, moderately dense, 
moderately soft, slightly plastic, moderately cohesive; rare roots, few small pores; moderate small to medium subangular blocky soil, 
associated with notable Bt; basal contact is gradational, defined by increase in small pebble and granule content, wavy. Subunit 
600b includes reddish brown colluvium inset into Units 300 and 410 [Late Pleistocene Colluvium/alluvium] . 

600

Unit 800 – Sandy silt with fine gravel; pinkish gray (7.5YR 6/2) to light brownish gray (10YR 6/2); clasts are pebbles-sized, up to 30%, 
sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand to 20%, fine to medium, poorly sorted, quartz; silt 40 to 50%, trace clay; 
non-plastic, low cohesion, slightly moist, loose; common roots to 5mm, many small pores; unit composed of two distinct soil 
horizons, the upper surficial unit contains a high humic content, with granular soil texture and higher concentration of roots; the lower 
horizon is more porous with a lighter (bleached?) coloration that may result from clay illuviation (possible E-horizon?) or introduction 
of weathered Qbt products, single-grain structure; basal contact clear, wavy. [Holocene Surficial Slope Colluvium] .

800

Unit 900 – Sandy silt with gravel, dark grayish brown to light gray (10YR 4/2 to 7/2), 15-30% gravel, massive with no bedding, heavily 
bioturbated, abundant roots and krotovinas, weak-moderate granular to subangular block soil structure, common to abundant fecal 
pellets and faunal burrows, Moderately well-developed A horizon, lower boundary is clear and smooth [A Horizon developed in 
Holocene colluvium] .

900

Unit 430 – Sandy silt with cobbles and pebbles; light brown (7.5YR 6/4) to reddish yellow (7.5YR 6/8; minor); unit very similar to Unit 
415, with slightly higher clast content, more well defined tabular stonelines, and more saturated colors; small cobbles 10 to 15%, fine 
pebbles and granules 30%, tabular, fresh to slightly weathered clasts with partial silt and clay coats, Qbt3t clasts, clasts imbricated 
parallel to slope, sand 20 to 30%, fine to coarse, subangular, quartz, silt 20 to 30%, minor to trace clay (<5%); weak small angular to 
locally prismatic blocky soil structure, associated with minor Bt, however clay content increase to upper contact of unit and forms a 
distinct unconformity with above sediments; basal contact is defined by a continuous, prominent stone line, clear, wavy. [Late 
Pleistocene Coarse Colluvium] .

430

Unit 700  – Fine gravel with sandy silt matrix; pale brown (10YR 6/3); unit is alternatively matrix and clast supported, clasts are small 
to medium pebbles-sized, 40 to 60%, sub-rounded to sub-angular, Bandelier tuff (Qbt3t); sand 20%; silt 20 to 30%, trace clay; dry to 
slightly moist, moderately loose, non-plastic, no cohesion; rare roots to 2mm, many small pores, many krotovina filled with finer 
grained sediment and granular soil; weak small granular soil texture, Btj; basal contact is clear, wavy to planar, oriented downslope 
slightly steeper than the ground surface, defined by absence of clay relative to Unit 600 below, lower surface represents a paleosur-
face. [Holocene alluvial (fan?) deposit] .

700

Unit 415  – Sandy silt with cobbles and pebbles; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), very small pebbles to granules 
30%, subangular to subrounded,  slightly to moderately weathered, weathering rinds common, tabular, tuffaceous (Qbt3t), partial clay 
coatings, some discontinuous stone lines in the upper section; more massive in lower section; sand 30%, fine to coarse, subangular; 
silt 40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, few rootlets, few small pores; 
strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and discontinuous 
sesquioxide clast coatings; stone lines in upper section separate different buried argillic Bt-horizons;  basal contact based on finer 
text in unit 415; basal contact is clear and undualatory [Late Pleistocene Fine-grained Colluvium] .

415

Unit 250 – Clayey silt and gravel with silty clay interbeds; light yellowish brown (10YR 6/4) with strong brown (7.5YR 4/6) staining and 
upper surface grayish brown (10YR 5/2); medium to small pebbles to 20%, subrounded, heavily weathered, pumice absent, generally 
massive, no sand; silt 50%, clay 30%, clay in upper 40 cm, grades into silt at depth; slightly moist, moderately cohesive; no roots, 
common small pores especially in lower portions of unit; clay accumulation in upper 40 cm of unit, associated with abundant charcoal 
and darker / grayer coloration, clay may be depositional or associated with development of a Beta horizon; basal contact buried, unit 
in fault contact to west (upslope) [Pleistocene Fine-Grained Alluvial Deposit] .

Unit 410  –  Sandy silt with gravel; light brown (7.5YR 6/4) to reddish yellow (7.5YR 7/6), with strong brown (7.5YR 5/8) mottles; very 
small pebbles to granules 30%, subangular to subrounded, slightly to moderately weathered, weathering rinds common, tabular, 
tuffaceous (Qbt3t), partial clay coatings, some discontinuous stone lines in upper section; sand 30%, fine to coarse, subangular; silt 
40%; trace clay; slightly moist to dry, very stiff, dense, non-plastic, slightly cohesive, indurated, massive; few rootlets, few small 
pores; strong small to medium subangular blocky soil structure, clay coatings and films on peds, some Mn-oxide staining and
discontinuous sesquioxide clast coatings, strong buried argillic Bt-horizons separated by stone lines in upper section; basal contact 
based on darker color and coarser texture in Unit 410; above Unit 200/280 is gradational to clear, above Unit 300 basal contact is 
clear and planar. [Late Pleistocene Coarse Colluvium] .

410

Boundary

Soil Boundary

Krotovina

Plucked Clast 

Contact
Dashed where approximate;
Queried where uncertain

? ?

Fault
Dashed where approximate;
Queried where uncertain

Radio Carbon dates are 
Cal yr B.P. (95% confidence)

OSL sample location and age
(±1 sigma)
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ABAB
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Bw4Bw4

Soil Profile (SP)Soil Profile (SP)°

Samples:

Post - El Cajete pumice
datum (<74 Ka)

Structural measurementS1
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Table 1. LANL comment resolution �o�}�P���(�}�Œ���>���/�[�•�����Œ���(�š��report (dated 5/3/2019). 

No. 
Location in Text 
(Page, Section, 

Paragraph) 

Reviewer 
(Date) 

Comment 
Comment 

Rank 
Responder 

Initials 
Comment 

Addressed? 
Response 

1 v, TOC, - 

Erika Swanson 
(6.3.19) 

(1) This report is meant for LCI to present the new data they spent a 
lot of time and money collecting, and highlighting its 
importance. The current structure makes it impossible to figure 
out what LCI did vs what previous work did. A clear structure will 
resolve this issue. In addition, a 100+ page report will very rarely (if 
ever) be read in order from start to finish in 1 sitting, and so a clear 
structure will help a reader find the specific information they are 
looking for. 

(1) RWG Yes 
See the revised report outlined developed during the review workshop on 6/5/19. 

2 
vi, TOC, 

(Table 3-2) 

Erika Swanson 
(6.3.19) 

(2) I ���}�v�[�š know if this table should be kept, but if so, it should 
include the new trench data, and be moved to a later section after 
presentation of Phase 1 paleoseismic data and interpretations. 

(2) RWG Yes This comment was discussed during the review workshop on 6/5/19. The purpose of 
this table was to present as part of the literature review what was known as of 2007. 
The revised table in the revised report is a copy of the table presented in Wong et al. 
(2007) to avoid confusion. A revised version of this table (Table 7-1) is presented in 
Section 7.0. 

3 
vi, TOC, 

(Table 5-10) 

Erika Swanson 
(6.3.19) 

(2) errors listed as 0.25%, when I think you mean 25% (2) RWG Yes Table fixed. Comment resolved. 

4 
vii, TOC, 

(Figures list) 

Emily Schultz-
Fellenz 
(6.3.19) 

(1) (1) all figures require detailed text captions, including explanations 
of legend where necessary. 

(1) RWG Yes LANL developing draft detailed text captions that LCI will review. See revised list of 
figures. 

5 
vii, TOC, 

(Figure 2-1) 

Erika Swanson 
(6.3.19) 

(2) Figure 2-1: Capitalize Cristo; mark out Espanola and Taos basins, 
since you refer to them in the text 

(2) RWG Yes Figure fixed. Comment resolved. 

6 
vii, TOC, 

(Figure 2-2) 
Erika Swanson 
(6.3.19) 

(2) Fix Western trace vs Western strand on map vs inset (2) RWG Yes There is no insert of Figure 2-2. Is the reviewer referring to Figure 3-1? FIgure 3-1 has 
been revised. Comment resolved 

7 
vii, TOC, 

(Figure 3-2) 

Erika Swanson 
(6.3.19) 

(2) fix the star placement to not suggest 0 displacement at the 
�š�Œ���v���Z���•�X�����o�•�}���(�]�Æ���š�Z�����Ç�����Æ�]�•���o���P���v�����š�}���•���Ç���^���}�Á�v���š�}�������•�š���À���Œ�š�]�����o��
�š�Z�Œ�}�Á�_�U���]�(���Ç�}�µ�[�Œ�����P�}�]�v�P���š�}���l�����‰���š�Z�����v���P���š�]�À�����À���o�µ���•�X 

(2) RWG Yes Figure modified to address comment. 

8 
vii, TOC, 

(Figure 5-5) 

Erika Swanson 
(6.3.19) 

(2) symbols on faults did not come through. Long dash with 3 dot 
line type is not defined. 

(2) RWG No 
 

Please clarify question with a specific location. 

 

9 
vii, TOC, 

(Figure 5-9) 

Erika Swanson 
(6.3.19) 

(1) legend says 1-sigma OSL errors are included but figure does not 
have them 

(1) RWG Yes Figure has been revised to address this comment. 

 

10 
viii, TOC, 

(Figure 5-9) 

Erika Swanson 
(6.3.19) 

(1) ***Comment for all trench logs: can the events be indicated 
somehow on the logs? Perhaps the segments that ruptured in each 
event could be labeled or color-coded. The text description by itself 

(1) RWG Yes LCI has added the trench logs as figures in the report with explanation of events 
included on the logs with pointers to text sections.  
Comment resolved.  
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Paragraph) 

Reviewer 
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Comment 
Comment 
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Comment 
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is often ambiguous in cases where there are multiple fault strands. 

11 
VIII, List Of 
Appendices 

Erika Swanson 
(6.3.19) 

(1) Some of the appendices contain their own appendices, leaving 
multiple appendices with the same name. 

 

(1) RWG Yes The reviewer is correct Appendix C (soils report) has its own appendices. Note this is 
now Appendix B in the final report. 

12 
VIII, List of 
Appendices 

Erika Swanson 
(6.3.19) 

(1) how does this differ from Figure 5-5 in the main text? (1) RWG Yes Figure 5-5 is essentially the same map shown in Appendix B covering Sites A and B. However, 
some of the fault specific mapping in Figure 5-5 at each site has been modified based on the 
trench results. 

Comment resolved. 

11 
1, 

1.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) To start, Document requires an executive summary. Please allow 
LANL to help with drafting this, following the review meeting in 
WC. In total, the whole report but particularly the front 4 sections 
need to be reframed for non-expert consumption (= non-
scientific decision makers) while not neglecting the technical 
details required to make the interpretations within. 

(1) RWG Yes See draft executive summary and non-technical summary.  

12 
1, 

1.0, 
1 

Erika Swanson 
(6.3.19) 

(1) My recommendation is to start with an executive summary that 
is free of jargon, describing the main findings and importance in 
language a non-geologist can understand. Following this, there 
should be an introduction that focuses on why this work was 
done. ���}�v�[�š go into every detail of all prior work. Just mention 
enough to explain what the questions are that you are trying to 
answer. 
 
The authors should keep in mind that this report is not meant for 
them, but for readers with varying background knowledge in 
geologic terms. Therefore, they need to reduce acronym usage, 
state what new terms mean, and be consistent in application of 
technical terms. Consider acronym list. The terms used for 
descriptions of soils are particularly nonuniform. In addition, ���}�v�[�š 
just leave a statement at a unit has a certain soil structure: follow 
that up with what that means. Not all readers will have an intimate 
knowledge of how soil structure relate to ages, etc. Similarly, the 
existing interchangeable use of numeric ages and geologic ages 
(e.g. Pleistocene, Holocene) is harder to follow, especially for non-
geologists, than consistent use of numeric ages. Please be 
considerate of your readers and make sure your presentation of 
information on figures is relevant, informative, and accurate. 

(1) RWG Yes See revised report structure and executive summary. 

13 
1, 

1.0, 
1 

Richard Lee 
(5.29.19) 

Please remove all references to LANL SSHAC Level update here and 
throughout the report. At this point we ���}�v�[�š know when an 
update would be done nor what SSHAC level it may be. SSHAC 
terminology is OK. 

(1) RWG Yes See revised text. 
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14 
2, 

1.2, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Describe the technical team, structure, and high-level 
qualifications, plus include why that team was assembled for this 
study.  LANL can include this content. 

(1) RWG Yes See revised report. 

15 
2, 

1.2, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Please take a sentence or two to describe integration process 
across these technical sub-teams 

(1) RWG Yes See revised text. 

16 
5, 

2.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Geologic and seismotectonic setting? (1) JNB Yes Made changes as recommended.  

17 
5, 

2.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Recommend a lead-in sentence stating that the RGR is an 
active rifting complex and as such, presents a need for further 
characterization in areas where these geologic features may 
impact facilities supporting US critical infrastructure, eg.,LANL. 

(1) JNB Yes Provided a lead-in sentence and re-organized first several sentences of the paragraph. 
See Section 3.0. (2)   

18 
5, 

2.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) reference? (2)  JNB Yes.  Provided and updated with a reference to follow statement.  

19 
5, 

2.1, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Wondering if the amount of text dedicated to this section is 
necessary.  It is not apparent that this links demonstrably to the 
conclusions.  Either (a) trim this section considerably or (b) build 
in why this level of detail matters in the conclusions.  This level of 
information does not appear to bolster the conclusions of this 
study; rather, it reads like front matter in a SSHAC study. 

(1) JNB Yes.  This is a brief overview of the Rio Grande Rift.  It is not meant to be a significant 
summary of all we know about the RGR.  It allows for a structural connection of PFS 
and Embudo Fault with the RGR.  See Revised text.  

20 
6, 

2.1.1, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) references for ages are Qbo = Izett and Obradovich 1994, and 
Qbt = Phillips et al 2007 

(2) JNB YES Updated references with those provided by LANL reviewer.  Izett and Obradovich 
1994, Phillips et al 2007. 
 
Izett, G.A., and Obradovich, J.D., 1994, 40Ar/39Ar age constraints for the Jaramillo 
Normal Subchron and Matuyama-Brunhes geomagnetic boundary: Journal of 
Geophysical Research, v. 99, no. B2, p. 2925-2934. 
 
Phillips, E.H., Goff, F., Kyle, R., McIntosh, W.C., Dunbar, N.W., and Gardner, J.N., 
2007, The 40Ar/39Ar age constraints on the duration of resurgence at the Valles 
caldera, New Mexico: Journal of Geophysical Research, v. 112, B08201. 
 
 

21 
6, 

2.1.1, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Discuss those subunits here, or refer to other work (e.g., 
Broxton and Reneau 1995).  These are key within this Phase 1 
study in constraining position and displacement on mapped 
faults.  These units are also observed in trenches described in this 

(1) JNB  No LANL to provide discussion on subunits per June 2019 meeting with LANL and LCI.  
Sent email to Konig and Kelley regarding Qbt4 to initiate discussion on August 19, 
2019;  LCI awaiting Bandelier Tuff discussion from LANL.   Not sure an expansive 
discussion on subunits is warranted since the Phase 1 study was focused primarily on 
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study, which further underlines the importance of inclusion. Or 
move all detailed geology descriptions into a discrete section on 
generalized stratigraphy of the Pajarito fault system in the vicinity 
of Los Alamos (to include broad info on post-Qbt stratigraphic 
units and materials generally found on the PF escarpment). Fig 2-
3 has Qbt stratigraphy but no details on what discriminates one 
from another. 

identifying younger deposits (Holocene) to assess fault activity.  Bedrock mapping 
offsets were most important at Site A where we used it to estimate fault location and 
displacement.   

22 
7, 

2.1.1, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) include content here on discriminating features of the Qcdm 
vs Qec pumices in hand sample (Qcdm = biotite absent; Qec = 
biotite rich).  Refer to Wolde 

(1)  JNB  YES See revised text. 

23 
7, 

2.3, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) examine consistency with comment at the beginning of 
�^�����š�]�}�v���î�X�ì�������}�µ�š���‰���µ���]�š�Ç���}�(���o���Œ�P���������Œ�š�Z�‹�µ���l���•���]�v���š�Z�]�•���Œ���P�]�}�v�Y�]�(��
�š�Z���Œ�����]�•���•�}�u���š�Z�]�v�P�����‰�‰�Œ�}�����Z�]�v�P���D�A�ò���]�š�����}�µ�o�����������^�•�]�P�v�]�(�]�����v�š�_���(�}�Œ��
�š�Z�����Z�'�Z�Y�����P�•���š�Z�����‹�µ���•�š�]�}�v���}�v���Á�Z���š�������(�]�v���•�������^�•�]�P�v�]�(�]�����v�š��
�Z�]�•�š�}�Œ�]�����o�������Œ�š�Z�‹�µ���l���_��in intraplate areas? Is hebgen lake the only 
such comparison? 

(2) RWG Yes See revised text. Although edits here are brief to avoid a lengthy discussion about the 
definition of a significant earthquake. 

24 
8, 

2.3, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) references??? And the last sentence in this highlighted section 
either needs an explicit reference or a whole lot more 
explanation. Read Steck et al 1997 or 1998 and that will suggest it 
is an increased heat flow issue that creates the aseismic zone in 
the VC.  However, this is a conclusion made from analyses that 
���Œ���v�[�š���Á���o�o�������•���Œ�]�������U�����v�����š�}���������]�v���o�µ���������Z���Œ�����Á�]�o�o���v���������š�}��������
much clearer about the need of this report to postulate on the 
nature of the aseismic zone in the Valles caldera. 

(1) JNB Yes Added supporting references and referred to 2007 URS.  Removed a sentence that 
provided little relevance to the LANL study.   

25 
9, 

3.0, 
1 and 2 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Consider moving these two paragraphs, and maybe everything 
up to Section 3.1, into Section 2.  The remainder of this section 
reads as a paleoseismic reevaluation, whereas this highlighted 
content seems to fit better in the Seismotectonic Setting section. 

(1) JNB Yes We prefer to keep the discussion on the Pajarito fault system and Pajarito fault as 
separate from Section 2.0.  The main reason is that the Pajarito fault system and 
Pajarito fault are the subject of the study.  This information should stand alone and 
not lost in a more regional discussion such as Section 2.0.   

26 
11, 
3.1, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) add discussion here on the post Wong 2007 and Lewis 2009 
guidance, namely the PFS External Review in 2012-13 that 
recommended LANL proceed with additional trenching in 
targeted areas as close to the along-strike center of the master 
fault trace. 

(1)  JNB  Yes  �d�Z�]�•�����}�u�u���v�š���]�•�������]�v�P���������Œ���•�•�������]�v���^�����š�]�}�v���î�X�ì���v�}�Á�X�����t���[�Œ�����Œ�����}�u�u���v���]�v�P���š�Z���š���š�Z�]�•��
paragraph be deleted.   

27 
11, 
3.1, 
3 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Not inaccurate; however, I believe that phrasing this in this 
way could bring into undue question the entirety of the geologic 
characterization of the trenches on the PFS.  Unclear whether you 
mean for this statement to apply to the pre-2003 studies or all 
work on the PFS. 

(1) JNB  Yes Addressed by restructuring the sentence to focus on the inability to reduce 
uncertainty due to different age dating techniques.    

28 
11, 
3.2, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Recommend two things: (a) Reframe this section so it is a 
representation of the Wong et al and Lewis et al event chron. (b) 
�D�}�À�����š�Z�]�•���•�š�µ���Ç�[�•���Œ���]�v�š���Œ�‰�Œ���š���š�]�}�v���}�(���š�Z�����‰�Œ���À�]�}�µ�•�����À���v�š�����Z�Œ�}�v���š�}��
�����•�����š�]�}�v���(�}�o�o�}�Á�]�v�P���š�Z�]�•���•�š�µ���Ç�[�•���š�Œ���v���Z�]�v�P���(�]�v���]�v�P�•�U���š�}���‰�o���������š�Z�]�• in 

(1)  JNB  Yes  The report has been re-organized into data collected previously (Section 4) and 
findings from this Phase 1 study (Section 6) and re-interpretation of previous data 
(Section 7).   
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context.  As it is, it clouds the significance of the trenching 
investigations. 

29 
12, 
3.2, 
3 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Need to be clear about who is making the assessment of 
ambiguity �t reference either the original study, Wong et al 2007, 
or this report. 

(1) JNB  Yes Reproducing original table without changes and as presented in original Wong et al. 
2007.  

30 
12, 
3.2, 
3 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) This statement needs to be more clear that the assessment of 
ambiguity is done by this study; Lewis et al is a peer-reviewed 
work.   

(1) JNB Yes  Sentence modified to reflect as originally defined by Wong et al. (2007) as evidence is 
ambiguous for faulting.   

31 
12, 
3.2, 
4 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) adding additional cause to move all of this (Section 3.2 at 
least) after the trench data from this current study.  Worried that 
this information presented here serves as a distraction from the 
�Œ���‰�}�Œ�š�[�•���‰�Œ�]�v���]�‰���o���š���•�l�U���Á�Z�]���Z���]�•���š�}���‰�Œ���•ent the data from the 
trenches at Sites A, B, and C.  Reiterate that it was the findings 
from the Site A/B/C trenches that prompted this reexamination, 
not the other way around. 

(1)  JNB  YES  This paragraph moved to a later section associated with re-interpretation of previous 
data (Section 7).  

32 
14, 
3.3, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) if you mean Sawyer Canyon fault, I think it is mapped 
���d�t�Y�Á�Z�]���Z���Á�}�µ�o�����‰�µ�š���]�š���]�v���š�Z�����•���u���������š���P�}�Œ�Ç�����•���š�Z�����Z���&�����v����
GMF 

(2) JNB  Yes Addressed in report and figure. SCF is a down-to-the-east fault.  

33 
14, 
3.3, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

Are you talking about kinematic indicators from past paleoseismic 
studies?  If not, This is presented before the Phase 1 trench data 
���Œ���Y���v�}�š�Z���Œ�����Œ�P�µ�u���v�š��for moving this information after the 
presentation of the trenching data 

(2) JNB Yes These are comments about previous studies; added previous to clarify that this 
information is from earlier studies.   

34 
15, 
3.4, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

�~�î�•���/�[�u���v�}�š���•�µ�Œ�����š�Z�]�•���]�•�������š�Œ�µ�����•�š���š���u���v�š�X�����/���š�Z�}�µ�P�Z�š���š�Z����
Chupaderos trenches showed 1m+ displacement, which Gardner 
et al 2003 argued occurred in 1 event and therefore built the 
characteristic M = 7 argument.  Confirm with literature?  Check 
Wong et al 2007 for field data defense of characteristic 
magnitude assessment through unit displacement across faults 

(2) JNB  Yes  Reorganize the topic sentence to better reflect the paragraph and existing data on the 
PFS vs PF, GMF, and RCF.   The displacements on the RCF and GMF are referenced.  

35 
15, 
3.4, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

�>���š�[�•���Á�}�Œ�����š�Z�]�•�������Œ���(�µ�o�o�Ç�X�����D�������o�‰�]�v�[�• charge was to trench the 
main Pajarito escarpment.  What was thought then to be the 
Pajarito fault zone was far less broad than what we think now.  
This work is a far closer effort to truly trench across the fault 
system, including the master fault and subsidiary structures.   

(2) JNB  Yes �����o���š�������^���v�š�]�Œ���_���(�Œ�}�u���^���v�š�]�Œ�����W���i���Œ�]�š�}���(���µ�o�š���Ì�}�v���_�X�� 

36 
15, 
3.4, 
1 

Richard Lee 
(5.29.19) 

Is this statement an inconsistency with the conclusions of the 
report where a favored model suggests independent faulting? 

(3) JNB Yes  The findings of latest report suggest it is possible that the earthquake timing data support the 
PF and GMF and RCF ruptured independently during the Holocene (i.e., MRE).  The GMF and 
RCF would have ruptured with the SCCF and not the PF during the Holocene.  These faults 
could have ruptured with the PF pre-Holocene but the timing data are insufficient to definitely 
�•�š���š�����•�}�X�����^�}���š�Z�����•�š���š���u���v�š���]�•�����}�v�•�]�•�š���v�š���Á�]�š�Z���>���/�[�•���(�]�v���]�v�P�•�X   
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37 
16, 
4.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) This, plus section 5 and 6, should come before the details in 
Section 3 on reevaluation of pre2003 event chronology. 

(1) RWG Yes This comment has been resolved by restructuring report per LANL requests. See 
revised Sections 3, 5, and 7.  

38 
16, 
4.0, 
1 

Erika Swanson 
(6.3.19) 

(1) This section should describe the methods of how you went 
about addressing the fundamental questions of why this work 
was done, starting with why trenching and why at the locations 
you chose. When discussing age dating techniques, start each 
with a description about what exactly is being dated, using 
�o���v�P�µ���P�������������•�•�]���o�����š�}���������Œ�}���������µ���]���v�����X�����}�v�[�š���]�v���o�µ���������v�Ç�������š����
in your methods section. 

(1) RWG Yes This comment has been resolved by restructuring and adding several sections to the 
report per LANL requests. See revised Sections 2, 3, 5, and 7. 

39 
16, 
4.1, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) A comprehensive treatment of technical references is 
necessary here.  Otherwise the line between what was done 
before and what was done by this study is not clear. 

(1) RWG Yes This sentence has been revised to clarify what is included in the reference section of 
this report. 

40 
17, 
4.2, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2,3)Move discussion of individual staff and their technical 
qualifications, engagement, etc to Section 1? 

 

(2,3) RWG Yes See revisions in Section 1.0 and 5.0.   

41 
17, 
4.2, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(2,3)Consider moving to main body?  This sets the stage for the 
selection of trench sites, so it could be important to include in the main 
body of the report.   

(2,3) RWG Yes This mapping is shown on Figures 5-5, 5-6, 5-7, 5-10, and 5-14. To clarify where this 
mapping appears in the report figures, an additional sentence has been added to this 
paragraph to point the reader to site specific geologic maps that illustrate the Koning 
and Kelley (2016) mapping. 

42 
17, 
4.3, 
3 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) this gives the impression these were not the final trenches, 
when they were.  Reword or delete 

(2) RWG Yes Comment addressed. See revised text. 

43 
20, 

4.4.1.2, 
4 

Emily Schultz-
Fellenz 
(5.21.19) 

(1) Back to the point �t is this report focusing on its work, or 
�Œ�����v���o�Ç�•�]�•���}�(���}�o�����Á�}�Œ�l�M�����/�����}�v�[�š���š�Z�]�v�l���]�š���]�•���š�Z�������Z���Œ�P�����}�(���š�Z�]�•���•�š�µ���Ç��
to describe how luminescence dating used to work.  This used 
modern methods.  Refer to other studies for details on how they 
did it.  Refer to other sections for reanalysis of earlier paleoseis 
event chron in the context of these new data from new trenches. 

(1) RWG Yes This discussion has been moved to Section 7.0. See revised text. 

44 
25, 

4.4.1.5, 
5 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Not suitable for methods section.  If there are criticisms or 
reexaminations of previous LANL or subcontractors-to-LANL 
paleoseismic analyses, this should go into the section on 
reexamination of earlier event chronology, which needs to come 
after �š�Z�����‰�Œ���•���v�š���š�]�}�v���}�(���š�Z�]�•���•�š�µ���Ç�[�•���‰���o���}�•���]�•�u�]�����Á�}�Œ�l�X 

(2) RWG Yes This discussion of potential uncertainty using the radiocarbon method to dates soils is 
important for the reader to be aware of. We have revised the text to address broad 
uncertainties and their causes rather than LANL specific examples. See revised text. 

45 
25, 
4.5, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Is this describing how the analyses of the current trench 
exposures were performed, is it describing how the earlier LANL 
data were reevaluated, or is it some weird combo of both? In my 
read, this is confusing. 

(2) RWG Yes See revised text in Section 5.6. 

46 
27, 
5.0, 
1 

Erika Swanson 
(6.3.19) 

(1) Section 5 should contain all of your results, and none of 
�}�š�Z���Œ�•�[���Œ���•�µ�o�š�•�X���/�v���o�µ���������o�o�������š�����Ç�}�µ�����}�o�o�����š�����U���]�v���o�µ���]�v�P���u���‰�‰�]�v�P��
and boreholes, etc. Section 5 also needs a description of the 

(1) RWG Yes See revised text.  
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stratigraphy and nomenclature, and how it relates between 
different sections in your work, as well as to previous work. 

47 
27, 
5.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) seems like a caveat might be necessary to include with this 
sentence, unless clarity is made soon after this statement, to 
demonstrate that the trenches were intentionally sited in areas 
���•�����o�}�•�����š�}���u���Æ���š�Z�Œ�}�Á�����•���o���v�������������•�•���‰���Œ�u�]�š�š�������~���X�P�X�U���Á�����Á���Œ���v�[�š��
trying to trench strands with limited throw) 

(2) RWG Yes We believe this paragraph is adequate as written. The purpose is to introduce the 
broad displacement profile on Figure 3-2 and describe the broad structure of the PFS 
at the Phase 1 sites.  

48 
27, 
5.0, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Recommend that this text either (a) move up to 
seismotectonic setting or (b) be rewritten to clarify why this area 
was the focus of this study. 

(2) RWG Yes See revised text.  

49 
27, 
5.0, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

Add a linking paragraph describing how the PTSP and the 
mapping led to establishment of specific trench sites, excavation, 
and in-field assessment of suitability for paleoseismic analyses 
(e.g., hits bedrock, has fault exposed, finds young sediments etc 
etc etc). Perhaps also include a generalized or composite 
stratigraphic profile and unit description from Site A, B, C 
trenches.  This links to what is then used as a paleoseismic event 
indicator. 

(2) RWG Yes See revised text.  

50 
27, 
5.1, 
1 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) All of this info, and the remaining text in 5.1, discusses how 
the interpreted paleoseismic events were analyzed.  This should 
go into a later section about event analyses 

(2) RWG Yes As per the review meeting and revised report outline, this discussion has been moved 
to the methodologies section (Section 5.5). Please see revised text 

51 
28, 
5.2, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) Suggest saving the specific event indicators for detailed 
discussion in the caption of Table 5-1, or if you wish for this to 
remain here it should be presented following a text discussion of 
generalized trench stratigraphy.  Alternately you could include 
some other roadmap in the main text to aid in the interpretation 
of notations in the trench logs, to include stratigraphy. 

(2) RWG Yes This section has been moved to the methodologies section. We believe this list of 
event indicators should be included as written because it specifically follows the 
process outlined by Scharer et al. (2007). 

52 
28, 
5.2, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) is this the distinction you are trying to make here? Trying to 
shore up why an NC ranking should even be included. 

(2) RWG Yes NC should be described because several instances arose where one team member did 
believe a horizon was faulted while others did. Thus, NC allows the ranking to include 
fault and non-fault related interpretations to be included.  
 
See revised text intended to clarify this sentence. 

53 
28, 
5.2, 
3 

Brandon 
Crawford 
(5.20.19) 

(1) REALLY? While not incorrect, this study seeks to capture the 
full field of feasible interpretations for these trenches. SSHAC can 
come later. 

(1) RWG Yes See revised text. Comment Address. 

54 
29, 
5.3, 
1 

Brandon 
Crawford 
(5.20.19) 

(2) Do you mean the Qoa layer you discussed previously or units 
older than El Cajete? 

(2) RWG Yes See revised text. Comment Address. 

55 
30, 

5.3.1, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) If there are different unit names used between these, these 
need to be described and explained somewhere within this 
report. 

(2) RWG Yes See revised text. Comment Address. 
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56 
30, 

5.3.1, 
2 

Emily Schultz-
Fellenz 
(5.21.19) 

(2) which constrains it at what? (2) RWG Yes Incision of Water Canyon is poorly constrained but is at a minimum pre-Holocene 
(Reneau et al., 1996). As far as I am aware, this is the only timing information we have 
regarding incision. I would just leave this sentence as is. 

57 
34, 

5.3.2.2, 
5 

Brandon 
Crawford 
(5.20.19) 

Why not split these units as 500 and unit 550, based on the 
descriptions here it seems these have very different description 

(2) RWG Yes �d�Z�]�•���]�•�������P�}�}�������}�u�u���v�š�X���,�}�Á���À���Œ�U���/�������o�]���À�����Á�����•�Z�}�µ�o�����o�����À�������•���]�•�����������µ�•�����~�í�•���Á���[�À����
already stated the units do not correlate between trenches and (2) the age of one vs. 
the other is poorly constrained.  

58 
36, 

5.3.3.1, 
2 

Brandon 
Crawford 
(5.20.19) 

Shear fabrics/ evidence for shearing? Also is there another word 
used to describe these features? I believe shearing is typically 
identified in compressional settings no adjacent to normal faults 
(I may be wrong with this)? 

(2) RWG Yes See revised text. Comment Address. 

59 
54, 

5.4.5.1.1, 
1 

Brandon 
Crawford 
(5.31.19) 

These need to be spelled out an not be referring back to a table (2) JNB/RWG Yes. We believe this will account for too much text.  See revised text which directs the reader to 
Table 5-1 for definitions.  

 

60 
54, 

5.4.5.1.1, 
1 

Brandon 
Crawford 
(5.31.19) 

From the log could this be depositional/erosional? (2) JNB/RWG Yes. See revised text. 

61 
54, 

5.4.5.1.1, 
1 

Brandon 
Crawford 
(5.31.19) 

Does this interpretation fault 600 or not? Write 2 interpretations 
into this section? 

(2) JNB/RWG Yes. The text acknowledges the second possible interpretation. See revised text. 

62 
54, 

5.4.5.1.1, 
1 

Brandon 
Crawford 
(5.31.19) 

This needs to be expanded and in the text (2) JNB/RWG Yes. See revised text and new figures. 

63 
54, 

5.4.5.1.2, 
1 

Brandon 
Crawford 
(5.31.19) 

Not shown on newer logging (2) JNB/RWG Yes. Please clarify. Unit 404 is shown on the log. 

64 
54, 

5.4.5.1.2, 
1 

Brandon 
Crawford 
(5.31.19) 

Inconsistent with log (2) RWG Yes. E2 is represented on the log based on decreasing slip up section and UTA with the eastern 
strand of eastern fault zone. See revised figures that label these events. 

 

65 
54, 

5.4.5.1.2, 
2 

Brandon 
Crawford 
(5.31.19) 

Inconsistent with log (2) RWG Yes. See new Figure and labeled colluvial wedge on Plate 6. 

66 
55, 

5.4.5.1.2, 
2 

Brandon 
Crawford 
(5.31.19) 

This is not a sufficient explanation for disregarding data. (2) RWG Yes. See revised discussion.  

67 
55, 

5.4.5.1.3, 
1 

Brandon 
Crawford 
(5.31.19) 

401 from log (2) RWG Yes. See revised discussion.  

68 
55, 

5.4.5.1.4, 
1 

Brandon 
Crawford 
(6.3.19) 

Double check that base of 300 can be identified here  

 

(2) RWG Yes. See new fault zone figures 
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69 
55, 

5.4.5.1.4, 
1 

Brandon 
Crawford 
(6.3.19) 

�t���•�v�[�š���š�Z�]�•���µ�•���������•�����v�����À���v�š���]�v���]�����š�}�Œ���(�}�Œ�����ï�M�� 

 

(2) RWG Yes. No. There is similar evidence used to infer events E3 and E4, but E3 is based on the 
Vod of the base of Unit 300 vs. 400 while E4 is based on the Vod of the base of Unit 
400 vs. subunits within 400. See revised text and new figures. 

70 
56, 

5.4.5.1.5, 
1 

Brandon 
Crawford 
(6.3.19) 

Eastern fault zone not shown here on log, do you mean west of 
EFZ? 

(2) RWG Yes. See revised text and figures. 

 

71 
56, 

5.4.5.2.1, 
1 

Erika Swanson 
(6.3.19) 

(1) The strength of the argument that the MRE cuts unit 600 at 
site B, as presented in this report, is quite weak. I would like to 
see a better treatment of the possibility that the MRE does not 
cut this layer, and thus may be older than 2.3 ka, not younger. 
Please include this possibility in not only section 5, but also in the 
���]�•���µ�•�•�]�}�v�•���}�(�����À���v�š���š�]�u�]�v�P���š�Z���š���(�}�o�o�}�Á���]�š�X���/�(���Ç�}�µ���Œ�����o�o�Ç�����}�v�[�š���š�Z�]�v�l��
�]�š�[�•���‰���Œ�u�]�•�•�]���o���U���Œ���Á�Œ�]�š�����Ç�}�µ�Œ���i�µ�•�š�]�(�]�����š�]�}�v���Á�]�š�Z�������š�š���Œ���o�}�P�]���U�����v����
include photos of where the fault meets the base of 600, at 
multiple locations, so the reader can see for themselves if they 
agree. 

(1) RWG Yes. Please see revised text and new figures that help to describe the observations in the 
field and available photo documentation.  
 

The paleoseismic team is confident that the most reasonable interpretation supports E1 
faulting Unit 600. We understand the evidence is subtle, but this is partly why the team had as 
many experts as it did.  

 

72 
56, 

5.4.5.2.1, 
1 

Brandon 
Crawford 
(6.3.19) 

Alternate says top of 510, unit description for 600 does not 
mention this layer while 510 does. 

(1) RWG Yes. Yes. The reviewer is correctly reading the logs. 

 

73 
56, 

5.4.5.2.1, 
1 

Brandon 
Crawford 
(6.3.19) 

Log does not depict this well (2) RWG Yes. The thickening is not large as the sentence indicates. 

 

74 
56, 

5.4.5.2.1, 
2 

Brandon 
Crawford 
(6.3.19) 

Requires ½ m of offset in WFZ not seen on south wall or in lower 
stratigraphic layers. 

(2) RWG Yes. That is correct for the south wall. There is enough displacement on the N wall to support this 
interpretation. See revised text and new figures. 

 

75 
57, 

5.4.5.2.1, 
3 

Brandon 
Crawford 
(6.3.19) 

Figure for this alternate interpretation would help a lot (2) RWG Yes. See new Figure 6-13a (insert) 

76 
57, 

5.4.5.2.2, 
2 

Brandon 
Crawford 
(6.3.19) 

This requires displacement is between 10-75cm within 1 m 
vertical width 

(2) RWG Yes. See revised discussion to clarify the alternatives and clarification about stratigraphic 
resolution. 

77 
58, 

5.4.5.2.2, 
5 

Brandon 
Crawford 
(6.3.19) 

This seems off (2) RWG Yes. See revised text. 

78 
59, 

5.4.5.2.4, 
1 

Brandon 
Crawford 
(6.3.19) 

More detail on the log and unit descriptions for this 
interpretation 

(2) RWG Yes. See revised text to clarify this sentence. 

 
72, 

5.5.5.1.2, 
2 

Brandon 
Crawford 
(6.3.19) 

Eroded away (2) RWG Yes See revised text to clarify this sentence. 
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79 
73, 

5.5.5.1.3, 
1 

Brandon 
Crawford 
(6.3.19) 

Shore in front of it. Was that shore moved in order to check?   (2) RWG Yes See revised text to clarify this sentence. 

80 
73, 

5.5.5.1.5, 
1 

Brandon 
Crawford 
(6.3.19) 

Could this event be the same as E4? (2) RWG Yes Yes. However, this model is not preferred based on evidence from trench CT-1.  
See revised text.  

81 
74, 

5.5.5.1.5, 
1 

Brandon 
Crawford 
(6.3.19) 

This all depends on how confident we are in unit 200/250 
thickness 

(2) RWG Yes See revised text. 

82 
78, 
6.0, 
1 

Erika Swanson 
(6.3.19) 

(1) Section 6 is where you can go into detailed comparison with 
previous work. Many sections of this report jump the gun on 
interpretations, presenting them before the data on which they 
are based. Always present data first, then interpretations. Also, 
make sure you state what you are using as specific evidence for 
constraints/interpretations.  
 
The event chronologies are particularly bad about this. Come out 
and say that E3 is interpreted to exist because the offset on <the 
younger unit> is less than <the older unit>, with numbers for 
offsets. Then say that it occurred after <specify unit> and before 
<specify unit>. Then you can go into the details of what ages you 
like better for constraints.  
Much of the data presentation seems to be assuming knowledge 
th�����Œ���������Œ���‰�Œ�}�������o�Ç�����}���•�v�[�š���Z���À���U���Œ���(���Œ�Œ�]�v�P���š�}�����}���Œ�•���Œ���µ�v�]�š�•���}�Œ��
soils or other things that are not shown on the logs. 

(1) RWG Yes. See revised text and restructured report. 

83 
78, 
6.0, 
1 

Emily Schultz-
Fellenz 
(6.3.19) 

�~�î�•���h�•�]�v�P���š�Z�����Á�}�Œ�����^���}�Z���Œ���v�š�_���]�u�‰�o�]���•��the previous chronology 
was not. Is that in fact what the authors are implying? 

(2) RWG Yes. No. We are fine with deleting the use of coherent 

 

84 
78, 
6.0, 
3 

Brandon 
Crawford 
(6.3.19) 

2. This might sit better in the introductory paragraph of this section.   (2) RWG Yes. See revised text and executive summary/Intro sections. 

85 
78, 
6.0, 
3 

Brandon 
Crawford 
(6.3.19) 

2. This is a bit confusing and could be simplified (2) RWG Yes. See revised text. 

86 
79, 
6.0, 
3 

Emily Schultz-
Fellenz 
(6.3.19) 

(2) do you mean Sawyer Canyon fault, or Santa Clara Canyon fault?  And 
what about acknowledging the paucity of available paleoseismic 
information for the Embudo fault (cf Kelson et al)? 

(2) RWG Yes. �E�}�X���t�����u�����v���š�Z�����^���v�š�������o���Œ���������v�Ç�}�v���&���µ�o�š�X���/�[�u���}�v�o�Ç�����Á���Œ�����}�(���‰�}�}�Œ�o�Ç�����}�v�•�š�Œ���]�v�������]�v�(�}��
�}�v���š�Z�������u���µ���}���(���µ�o�š���š�Z���š���Á�}�v�[�š�����������š�}���š�Z�]�•�����]�•���µ�•�•�]�}�v�X 

87 
79, 
6.0, 
4 

Brandon 
Crawford 
(6.3.19) 

2. This seems like it belongs in the methods section of this report (2) RWG Yes. See revised text. 
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88 
79, 
6.0, 
5 

Emily Schultz-
Fellenz 
(6.3.19) 

(2) this �]�•���Z�}�Á���Ç�}�µ�������š�������š�Z�����u���š���Œ�]���o�X�������µ�š���š�Z���š�[�•�����]�(�(���Œ���v�š���š�Z���v��
�����À���o�}�‰�]�v�P���š�Z�������À���v�š�����Z�Œ�}�v�}�o�}�P�Ç�V���š�Z���š�[�•�����v���]�v�š���Œ�‰�Œ���š�]�À�������v���o�Ç�•�]�•���}�(�����}�š�Z��
the logs and the dated geologic units.  The actual execution of the 
analyses needs to be described here, if it is not already done in the 
Methodology section. 

(2) RWG Yes. See revised text. 
 
 

89 
79, 
6.0, 
5 

Brandon 
Crawford 
(6.3.19) 

2. This also would fit better in an earlier methods section.  

 

(2) RWG Yes. See revised text. 

90 
79, 
6.0, 
5 

Brandon 
Crawford 
(6.3.19) 

Good! (3) RWG Yes. Thanks 
  

91 
80, 
6.1, 
1 

Emily Schultz-
Fellenz 
(6.3.19) 

I like this way of framing the data presentation! Maybe consider 
explaining or stating why this event chron is preferred, either here or in 
Methodology section. Is it a majority opinion of technical experts?  Is it 
more compelling evidence?  Same goes for the Body and Range 
sections. 

(2) RWG Yes.  The preferred, alternative and range interpretations are based on the judgment of 
the Paleoseismic Team. The preferred model best explains the majority opinion, the 
alternative models are less favorable, and the range capture defensible 
interpretations based on the available data. 

92 
80, 
6.1, 
1 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)trying to reconcile the poor constraint on MRE age at Site A with high 
���}�v�(�]�����v�������}�(�������o���š�����,�}�o�}�����v�������À���v�š�����š�����o�o���š�Z�Œ�������•�]�š���•�X�����t�}�µ�o���v�[�š���š�Z�����o�����l��
of strong absolute age control at Site A temper the confidence level of 
this interpretation? Also consider other comments on the alternate 
interpretations that Site B Unit 600 is not strong evidence for MRE. 

(2) RWG Yes. See revised text, which emphasized the reasoning for the preferred model. Also see 
the expanded discussion of Site B MRE constraints in Section 6.0  

93 
80, 
6.1, 
2 

Brandon 
Crawford 
(6.3.19) 

2. This is a lot of detail for explaining the OSL grain mixing. Could the 
partial resetting of samples be discussed earlier in the paper and then 
referred to here to make this section simpler to read. 

(2) RWG Yes. This is explained in earlier sections and repeated again here because this is an 
important point that supports the interpretation of a late Holocene event at Site A. 

94 
80, 
6.1, 
3 

Brandon 
Crawford 
(6.3.19) 

2. This could and probably should be shortened and simplified. I would 
combine this and the previous paragraph, mention that the E-horizon is 
formed via leaching above an argillic horizon that probably experienced 
grain mixing during faulting. 

(2) RWG Yes. See revised text. 

 

95 
80, 
6.1, 
3 

Brandon 
Crawford 
(6.3.19) 

1. This is an important statement and needs to be emphasized more 
with this interpretation. Likely cleaning up the previous section will 
make it stand out more.   

(2) RWG Yes. See revised text. 

96 
81, 
6.1, 
4 

Richard Lee 
(5.31.19) 

Because the antithetic fault examined at Site A is so close to the 
�^�‰�Œ�]�v���]�‰�o���_���•�š�Œ���v�����}�(���š�Z�����W���i���Œ�]�š�}���]�š���]�•���Z���Œ�����š�}���µ�v�����Œ�•�š���v�����Z�}�Á�������•�µ�Œ�(��������
rupturing event at Site A could occur without rupture at Site B, assuming 
Site B is the principle rupture surface of the PF.  This possibly isolated 
event at Site A would seem to be, at best, within the range of 
uncertainty and not within the body of uncertainty, i.e, very unlikely. 

(2) RWG Yes. See revised text emphasizing the uncertainty and structural arguments against this 
alternative. 

97 
81, 
6.1, 
5 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)does existing = this study, or does existing = prior work (e.g., Lewis et 
al 2009)? 

(2) RWG Yes. See revised text. 
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98 
80, 
6.1, 
5 

Brandon 
Crawford 
(6.3.19) 

2. This section does a good job of discussing why this model is unlikely. 
It might be good to have the second half of this paragraph expanded 
and separate to show the evidence that supports this interpretation 
first. 

(2) RWG Yes. There are few lines of evidence except the OSL data that support the MRE at Site A is 
possibly different than Sites B and C, which is explained in this paragraph.  
See revised text. 

99 
80, 
6.1, 
6 

Brandon 
Crawford 
(6.3.19) 

Why? This statement could use a citation or expansion (2) RWG Yes. The intention here is that this is a very unlikely model that some experts might think 
is unreasonable and not technically defensible. This is sentence is written clearly as is.  

100 
81, 
6.1, 
6 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)can present this interpretation as one worth documenting but low 
confidence based on <insert justification>.   

(2) RWG Yes. See revised text. 

101 
81, 
6.1, 
6 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)These should probably be discussed in text to include +/- error bars, 
to validate this statement of the indistinguishability of the events 

 

(2) RWG Yes. See revised text. 

102 
82, 
6.2, 
1 

Richard Lee 
(5.31.19) 

Difficult to understand how a shallow aftershock could cause rupture at 
Site A and not at site B. Has this surface faulting behavior ever observed 
in historic ruptures? If it is somehow a result of a smaller earthquake, 
then this may not be a significant surface rupturing episode that we are 
interested in. 

(2) RWG Yes. Text was edited to resolve this comment. 

103 
82, 
6.2, 
1 

Emily Schultz-
Fellenz 
(6.3.19) 

(1)this is significant enough that it should be added to the main body of 
the text 

(1)  RWG Yes. This is discussed in the revised section 7.0 as well.  See revised text. 

104 
83, 
6.2, 
4 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)This is a lot of text dedicated to detailed re-review of stratigraphy in 
EOC-2.  Figure??? 

(2) RWG Yes. Yes. This text is critical for the alternative explanation of the EOC-2 MRE. The EOC-2 
�š�Œ���v���Z���o�}�P�•�����v�����•���u�‰�o�����o�}�����š�]�}�v�•�����}�v�[�š���o���v�����š�Z���u�•���o�À��s well to a figure. 

105 
83, 
6.2, 
6 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)include bracketing ages of both the MRE and PE in this alternative 
interpretation, and add references. 

(2) RWG Yes. See revised text. 

 

106 
83, 
6.2, 
6 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)as above, include bracketing ages (2) RWG Yes. See revised text. 

107 
84, 
6.3, 
1 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)if not already included in Methodology section, a section on 
execution of OxCal models needs inclusion. 

(2) RWG Yes. See revised text. 

108 
84, 
6.3, 
2 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)check consistency of data presentation and reevaluation; does not 
appear that this is reevaluating stratigraphic detail and relationships like 
that presented for the EOC trenches. IMO, this presentation is a better 
approach than that of EOC.  

(2) RWG Yes. This extra text is critical for the alternative explanation of the EOC-2 MRE.  

109 
84, 
6.3, 
3 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)explain (2) RWG Yes. This is addressed in the revised section 7.0 where we discuss some of the flaws with 
TL dating and explore our reasoning for not considering these data further. 
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110 
84, 
6.3, 
3 

Emily Schultz-
Fellenz 
(6.3.19) 

(3)constrain? (3) RWG Yes. Comment accepted. See revised text. 

111 
84, 
6.3, 
3 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)explain (2) RWG Yes. See revised text with further explanation 

112 
85, 
6.3, 
4 

Emily Schultz-
Fellenz 
(6.3.19) 

(3)confusing; clarify and/or quantify (2) RWG Yes. See revised text. 

113 
85, 
6.3, 
4 

Emily Schultz-
Fellenz 
(6.3.19) 

(2)this is one interpretation.  Another could be that the slip on the 
northerm PF triggered that shown on EOC.  Alternate behavior of PFS 
w/r/t other regional systems. 

(2) RWG Yes. See revised text and later discussion on the alternative interpretations. 

114 
85, 
6.3, 
5 

Emily Schultz-
Fellenz 
(6.3.19) 

�~�î�•�š�Z�]�•���•�š���š���u���v�š���l�����‰�•�����Œ�}�‰�‰�]�v�P���µ�‰���]�v���š�Z�]�•�����}���µ�u���v�š�X���t�Z���š�[�•���š�Z�����Œ�����o��
point the authors are trying to make?  Come out and say this could hold 
key info on relationship of PF to EF or similar if you think so.  This must 
be accompanied by an acknowledgement that the SC Cyn fault has been 
intensely affected by post-fire erosional events after both Cerro Grande 
(2000) and Las Conchas (2011) fires, and that almost all property that 
this fault crosses is owned by sovereign Native American tribes (= nearly 
impossible access for trenching) 

(2) RWG Yes. The purpose of this statement is to emphasize that there is no paleoseismic data on 
the east-dipping structural continuation of the fault system to the north to answer 
whether the SSCF has the same event history as the Pajarito fault. This would argue 
�(�}�Œ���o�]�v�l�������Œ�µ�‰�š�µ�Œ���•���]�(���š�Z���Ç���u���š���Z�����v�����•���‰���Œ���š�����•�u���o�o���Œ���Œ�µ�‰�š�µ�Œ���•���]�(���š�Z���Ç�����}�v�[�š�X���^������
Section 10 that discuss challenges with site access and property ownership.  

115 
86, 
6.3, 
6 

Emily Schultz-
Fellenz 
(6.3.19) 

�~�í�•�•�Z�}�µ�o���v�[�š���š�Z�]�•�U���}�Œ���š�Z�������}���Ç���}�(���h�v�����Œ�š���]�v�š�Ç���•�����š�]�}�v�U���]�v���o�µ�������š�Z����
possibility that GMF and RCF ARE NOT PART OF THE PAJARITO FAULT 
SYSTEM, and rupture there is controlled by a separate seismic source?  
Consider also things like kinematic indicators, oblique slip etc; I know 
this is documented at CHupaderos for sure. 

(1) RWG Yes We agree. This section describes the event chronology. We describe the possible 
segmented behavior later in Section 10.2. 

116 
86, 
6.4, 
1 

Richard Lee 
(5.31.19) 

Is it possible to display in in the bottom of Figure 6-1 the missing 
stratigraphic sections for each site?  Otherwise the interpretation of 
Figure 6-1 is incomplete or misleading.  The missing strat sections could 
be shown as a lightly colored segments under each site.   

(1) RWG Yes See new Figure 8-3 and revised text. 

 

117 
88, 
6.6, 
2 

Richard Lee 
(5.31.19) 

Please expand on this statement.  Not clear how the through-going 
ruptures (seismogenic crust) of the RCF and GMF can have independent 
rupture histories from the PF and SCCFs. 

(1) RWG Yes See revised text.  

118 
89, 
7.0, 
1 

Richard Lee 
(5.31.19) 

�d�Z�����^�����v�š���Œ�_�U���^���}���Ç�_�����v�����^�Œ���v�P���_���^�^�,�������v�}�u���v���o���š�µ�Œ�����u���Ç���v�}�š��������
entirely appropriate since this is not a SSHAC study or report.  
Alternatively, it would be extremely useful to have the geologic team 
develop consensus probability distributions for the alternate PFS 
rupture models which would be useful for any sensitivity studies and 
might be useful for future hazard updates. 

(1) RWG Yes See revised text. 

119 
90, 
7.2, 
1 

Brandon 
Crawford 
(6.3.19) 

What about the possibility that the older dates from the GMF and RCF 
are not as reliable as modern radiocarbon, could this allow timing of all 
faulting to coincide? 

(2) RWG Yes Although the dates are larger than from modern AMS dates, they are still detritial 
���Z���Œ���}���o���(�}�Œ���u�}�•�š���•���u�‰�o���•�����v�����š�Z���Œ���(�}�Œ���U���Á�������}�v�[�š���š�Z�]�v�l���š�Z���Ç���Á�]�o���Z���À�����š�Z�����•���u�����o���Œ�P����
uncertainty as for example TL. 
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120 
91, 
7.3, 
1 

Emily Schultz-
Fellenz  
(6.3.19) 

(2)move �š�}�����]�•���µ�•�•�]�}�v�M���d�Z�������}�v���o�µ�•�]�}�v�•�����Œ�����š�Z�����(�]�Œ�•�š���‰�o���������/�[�À�����•�����v���š�Z�]�•��
presented.  Did I miss something? 

(2) RWG Yes Leaving this discussion in Section 10.0 based on the requested revised report outline 
from LANL. 

121 
92, 
7.4, 
1 

Emily Schultz-
Fellenz  
(6.3.19) 

(3)I feel like this has been said already elsewhere in this report, almost 
verbatim 

(3) RWG Yes Many of these points are summarized elsewhere, but written differently. These are 
key points for the reader so they can follow the next paragraph.  

122 
94, 
7.5, 
2 

Emily Schultz-
Fellenz  
(6.3.19) 

(1)Challenges of site access may prevent this from ever happening. (1) RWG Yes See revised text acknowledging the challenging access on native lands. There is other 
remote mapping using LiDAR and aerial photos that could be done to evaluate the 
fault.  

123 
94, 
7.5, 
4 

Emily Schultz-
Fellenz  
(6.3.19) 

(1)They built the building there. (2) RWG Yes. See revised text. A study could be consider in undisturbed areas in the vicinity of the 
site to re-evaluate the conclusions of Reneau et al. (2002).  

124 
95, 
7.5, 
5 

Richard Lee 
(5.31.19) 

Suggest adding another sensitivity study to model crustal 3-d stress 
behavior for the alternate rupture scenarios to assess the likelihood of 
the individual fault ruptures on the PF and GM and RC faults including 
their timing as suggested from the paleo inferences. For example, this 
study might inform on the loading of the PF given rupture on the GM or 
RC faults 

(2) RWG Yes. See revised text. 

125 
95, 
7.5, 
5 

Richard Lee 
(5.31.19) 

Not sure what we gain here as the slip rate will scale directly with the 
hazard.  Expand description? 

(2) RWG Yes. Please see the revised text and discussion regarding proposed recommends regarding 
slip rate of the PFS. 

126 
96, 
7.5, 
6 

Emily Schultz-
Fellenz  
(6.3.19) 

Analysis of available geophysical data?? Mine the Summer of Applied 
Geophysical Experience (SAGE) data for the Espanola Basin, Los Alamos 
area, Valles caldera, and other neighboring regions for valuable data 
that could constrain fault depth, dip, and subsurface relationships. 

(2) RWG Yes. LCI was provided the SAGE data by Shari Kelley, which consisted of a PowerPoint 
presentation of the seismic refraction line they collected. Overall, their data 
speculates that the fault at Site A continues to the south of Highway 4, but otherwise 
has no constraint on dip or faulting depth because the refraction line is very shallow. 
Thus, we believe further mining these data will not be helpful. 

127 Figure 6-1 
Richard Lee 
(5.31.19) 

If possible would be good to have an indication of the viable 
stratigraphic section somehow labeled in the bottom portion of the 
figure.  Perhaps a color shade below each of the sites to indicate 
possible missing stratigraphic sections by age if known. 

(2) RWG Yes. See new Figure 8-3. 

128 Appendix I 
Richard Lee 
(5.31.19) 

Will there be an LCI rebuttal or response to the issues raised by the 
EERT?  For example comments on cosmogenic contamination of the 
shallow OSL samples or the possible usefulness of other OSL methods? 

(1) RWG Yes. �E�}�X���d�Z���������Z�d�[�•���Œ���‰�}�Œ�š�•���Á���Œ�������À���]�o�����o�����š�}���š�Z�����š�����u�����µ�Œ�]�v�P���š�Z�����‰�Œ���‰���Œ���š�]�}�v���}�(���š�Z�����>���/��
report. Thus, their input is incorporated into the report. Regarding OSL, the team did 
consider some of the alternative methods proposed by the EERT and determined they  
were not the appropriate method for this site. 

129 Appendix I 
Richard Lee 
(5.31.19) 

How was the EERT involved with the conclusions and recommendations 
of the report?  If not involved will they be? 

(1) RWG Yes. The EERT was not involved with the conclusions or recommendations in this report. 
�d�Z���Œ�������Œ�����v�}���‰�o���v�•���(�}�Œ���š�Z���]�Œ���]�v�À�}�o�À���u���v�š���]�v���š�Z�����Œ���‰�}�Œ�š���‰�Œ���‰���Œ���š�]�}�v�X���d�Z���������Z�d�[�•��
�]�v�À�}�o�À���u���v�š���Á�]�š�Z���š�Z�����Œ���‰�}�Œ�š�]�v�P���]�•���v�}�š�������‰���Œ�š���}�(���š�Z���]�Œ���•���}�‰�����}�(���Á�}�Œ�l�����•���‰���Œ���>���E�>�[�•��
request.  

130 Appendix H 
Richard Lee 
(5.31.19) 

Will there be a discussion accompanying the plots of this 
appendix?  At a minimum a description of what is provided here 
is needed. 

(2) RWG Yes. The development of the OxCal models is now described in Section 5.0.  
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